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LOW* TEMPERATURE CARBONISATION 


CHAPTER I 

. INTRODUCTORY:'AN INITIAL SURVEY 

: ,* 

PHASES IN THE HISTORY OF LOW .TEMPERATURE 
CARBONISATION 

¥ • ® 

. The history of low temperature, carbonisation, sqfar a *(Srerft Britain is concerned, 

maybe divided into tyo periods, the Cast dating fron^Park$r’s original proposals 
in 190t>, and the second ten years Later, beginning riming the Great War, when 
the wiofc question of fueV utilisation proved to be of such importance that the 
snbieot^of^low temperature carbonisation was raised from relatively limited signifi¬ 
cance to a great national problem? 

During the first period experimental work was pursued by Parker, Beilby, 
Maclanriji, and others. These investigators concentrated their attention chiefly 
upon the production of a smokeless fuel, and,"during the earlier part of the period, 
regarded the crude oil Obtained from their experiments as being of comparatively 
small importance. In, 1‘,112 -1 IS (ftc Royal Commission on Fuel ami Engines for th# 
jfavy, under the Miairmanship of Lord Fisher, exhaustively examined the possi¬ 
bilities of obtaining fuel oil from existing home industries, They reported that the 
only means of so doing lay fh the “ development of a new carbonising industry 
founded on the distillation of bituminous coal at a temperature much below that 
used in gas retorts or coke ovens.” It was also clearly brought out in this Report 
that, os the possible oil production amounted only to sflmefi to 8 per cent by weight 
of tile r,oal treated, the creation Gf a market for tile other products of carbonisation 
was necessary for the sojption of the economic problem. The Report of the Com- 
ifiission naturally focussed the attention *>f the public on the whole subject of low 
temperature carbonisation, and not only providy# a new incentive to investigation, 
but made the problem of the economical disposal of the coke assume new and huge 
proportions. • 

THE WORK OF THE FUEL RESEARCH BOARD, 

• ^ . » 

Aft* the outbreak of the War the work of investigators regained ii*al>eyance 
for a time, until tins urgency of tile fyipply 41 f fueloil *m particular, and of fuel 
conservation in £en<\al, fraught, the deficit* recognition by the Government jo 1916 
that some measure of State Akf should be afforded in the solution of the many 
problems which presented themselves in fliis connexioi* Ilf wap thifeforc defied 
by the jDommittee of the Privy CouncTl for Scientiflb and fcdustrial Research in 
■ l^f7, on the recofbmencffition of their Advisory Council, to establish*!! Board* of 
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Fuel Research, whicli sliguld be responsibje for the promotion and co-ordination of 
research into fuel. Sir George Beilby, who had been responsible for mtidh of the 
experimental work and inquiries leading up to the Fjjdier Report, was appointed 
Chairman of the .Bpafd and Director of* Fuel Research. The terms of reference of 
the Board were “to investigate the nature, preparation and utilisation oifuel of 
all kimls, both in the laboratory and, when necessary, on an indSttriaVscale.” After, 
careful consideration of, tire whole fuel problem from the broadest point of view, 
the Board adopted as their immediate programme two lines of research, viz. 

(1) A survey and\lassificatk*n of the c.oal seams in the various mining districts* 

i by means of ‘ehemhaj and pliysicifi tests in the labeintory. , 

* I 

(2) An investigation of the practical problems which must be solved if^aiyy large 
proportion of the raw coal at present burned m its natural state is to be 
replaced by the various forms of fuel attainable from coal by catbffnisjtioii 
and gasification processes. 

It will be seen, therefore, that under the- second heading the problem of low 
temperature carbonisation naturally' assumed a prominent place. At the time the 
Fuel Research Board was formed the shortage of fuel oil for naval and other purposes 
»was reaching a maximum ; and it was pointed , 01161.0 the Wiv Cabinet by the Board 
that, although their schemes of investigation cmfld have no* possible effect in 
relieving the situation (luring the Wot, it was of paramount importance that this 
pliestion of the supply of home-produced fuel oils for"the Xavy by the carbonisation 
of coal at present used in the raw state should be independently and exhaustively 
Btudicd, “in order that a*definite decision as to the posability or impossibility of 
the proposals should once for all be arrived at,” 

The results of the work of the Board at H. 8 I. Fuel Research Station at East 
Greenwich up to 1922 are given in their Report for the,years 1920 21 , published 
in 1922, 1 and a careful perusal of this document discloses the fact that, owing to 
economic changes which have conje about, as the result of the War, the solution 
of the problem has proved more difficult on the economic side than was anticipated. 
Much progress has, however, been made, and accurate data on jnany fioubtful 
points have bpcpme available to all serufns investigators. The Board affirm that 
much knowledge has h«cn pbtaincd in ,tlie direction of a technical solution, that 
this solution is al^iojt within^ reach, and that the (dements of uncertainty atill 
remaining are mainly economic and serial. « 

, ♦ * * . * • 

•• 1 Fuel RcsostcbBoard. Report for the Yearn [1*20, IS2i; Second Section: “Low Tcropeja- 
ture Oarbonisatip gi. j . Stationery Office.) f 

♦« • f 
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STATE OF THE PROBLEM IN 1916 

. • 

The'rapid development <of low temperature earbopisatioi^as undoubtedly been 
greatly hampered J>y the tendency of «ome of the earlier piorftdre to attempt the 
clinching 8f a Jong gtaircase at a single bound. Hence, when in 1916 attention was 
► focuSaed on,fbe ]&oblem through the shortage of fuel oil caused by the activities 
cjf German submarines, the whole subject was o^pcunkUby the many conflicting 
opinions and results obtained by the various groups of workers, whose most praise¬ 
worthy enthusiasm ill some cases grdhtly exceeded tfiAr discretion. The Fuel 
Research Board, however, were able to f#lect certain <jain of unquestioned accuracy 
as a basi# for the prosecution of their own experimental inquiries. 1 These items 
were:—* , • * 

J1) -I Flic experience in Scotland for the past fifty yearn of the shale oil industry. 
This industry is founded on low temperature carbonisation, and about three 
million tons of shale per annum are distilled at low temperatures ranging 
’from 450° to 550° C. for the production of paraffin oils and wax. • 

(9) “ The parallel csperifiiee of this industry in the carbonisation of bituminous 
coal for the production of fuel gas and other products. 

(3) “ The published records of flic various stops in the development of Mr. T. 

Parker’s proposal for the production of a smokeless solid fuel for domestic 
purposes by the carbonisation of bituminous coal in iron vertical retorts, 
of small cross-section, at a temperature of about 450° to 500° C. Mr. 
Parker’s experiences established the soundness of bis original contention 
that coke produced from bituminous coal aWa temperature not exceeding 
GOO 0 C., to which lie gavt? the name of * Coalite,’ is an excellent aud per¬ 
fectly smokeless fuel for domestic purposes. As lie had prepared it, 
however, it was rather to if fragile to stand the rough handling involved in 
transport to the consumer. Unfortunately, thougli large sums of money 
were expended on the testing and development of this method on a fairly 
extensive! scale, success was not attained, and the problem of the establish¬ 
ment^ a new carbonisation* iftdustry'w^s still unsolved. The promqf rs 
of Mr. Parker’s scheme appear to have then abandon^ tSi use of metal 
retorts, and adopted firebrick ovens or retfrts of the coke woif or gas 
retort tyj^j. 

(4) “ Firet-Aamltmoyledgc of the expedients carded out in tho.Maryhiy work^ 

of the C’assel Cyanide tlompany, Glasgow, *n the earypnisation of bitu¬ 
minous coal at temperatures ranging from ‘160° To 'JOiW. and oj, the 
briquet ling of tbe coke so produce^, 

1 Ibid., |>, is. 
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(5) “ Sons'e knowledge of the experimental work of Mrf R, S. Richardfe on the 
carbonisation of bitunpnoua coal at temperatures in the neighbourhood 
of 500° C. an automatic machine designed'by him. 


(6) “ Reports' on the working of the Tozer retort for the carbonisation of 
<i bituminous coal and the production of smokeless sokd fuel for domestic 

purposes. i ’ 

(7) “ First-hand informaticw as to the experimental work of Mr. RdJsjrt 

Maclaurin in plasgow or the*carbonisation of bituminous coal by -the 
sensible heat of a lafge volume of highly heated gas passed over and - ' 
r through a Inass bf 'broken coal in a vertical column or shaft of tjie blast 
furnace tvpe.” ' • 

• • 

At a somewhat later date official reports were available on two .systems of 
carbonisation for the production of fuel oil which had been experimented with by 
the aid of Government, subsidies. These were ;— 


(1) A retort of the Chiswick tyj» which had been erected at. the Nottingham 
Gasworks for the carbonisation of cannel coal. , 

(2) The “ Barnsley” firebrick retorts, which hqd been subsidised by the Depart¬ 

ment of Explosives Supply with a view to ijlie production of benzene and 
toluene. These retorts were subsequently abandoned and replaced by the 
setting described on page 200. , 


FURTHER ADVANCES SINCE l&Hi 

From the foregoing, useful generalisations may be drawn, many of which have 
now been definitelv and finally confirmed, as the result of the work of the Fuel 
Research Board. Of these, the selection of suitable coals- appears to be by far the 
most important. Barker's original iron retort possessed many excellent features, but 
broke down through the use of" unsuitable coal, and an excessive heat gradient 
from the furnace or ov t n inwards. The importance of the rich gas as one of the 
most desirable assets of low- temperature carbonisation has only been recognised 
comparatively lateiy ; and, whatever were flib other defects possessed by the Parker 
metal retorts, they were at, any rate _perfectly gaslight, a feature which long 
expcrienceoin the Scottish shall} oil industry has shown to lie unshared by any type 
of firebrick retorts worked uj^ler tempcmt/ire conditions corresponding to those 
necessary for the produetio? of Kmokel.ss fuel and oil. , * 

1 r fhe preparation of the csal for carbonisation has also been shown by the Fuel 
Re^vrch Bo add tA'be'of immense importance in the production of a robust coke. 
The material, which fven in jingle t coal consists of bands of varying fgnibility, 
must, be br8ken down and intimately mixed, so that the projfcrt.ies of the more 
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fusible portions shall bo utilised to bind together the leks fusible particles; and, 
if the coal is deficient in either of these two constituents, the correct proportion 
must be ensured in some Way, usually by blending in ^ui^ie proportions with 
another coal possessing the properties in a high degree which 'afr deficient in the 
first, ' , 

Tne question o5 drying the coal is also of some importance. The operation of 
drying is much simpler than that of carbonisation ; ^nd it is obviously uneconomical 
bojli in capital and heat to use an.expensive retort for an operation which can be 
performed much mote theaply in an apparatus especially ^csfgncd for the purpose. 

Another important {canon for the faihiro of some yf the earlier processes liyr in 
thy tendency of the inventor to attempt too much in*tho effort to produce an 
apparatus of universal application to shales, cannels and coals. Sue# investigators 
would bavj been well advised to select one material for experiment, and to con¬ 
tinue work upon that material unfil success had been attained. On the contrary, 
however, retorts were erected which, long before they had proved themselves in 
any direction, were provided from day to day with coals of widely differing character¬ 
istics. Under such conditions no retort, howeVer excellent, had a reasonable chance 
of being perfected, and ttie iVsults obtained, although imposing, possess little value 
to the discerning mind. '' , • 

• As a result of the experimbntal work of the Board, it is to be hoped that the 
time lias gone by when the costly mistakes which have been made in the past will 
be repeated. Although it cannot be claimed that complete success has beep 
achieved, data of unquestionable accuracy are at least now available for all serious 
investigators working on the difficult problem of low temperature carbonisation. 
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CHAPTER II 

f 

‘ » 

THE AIMS OF LOW TEMPERATURE CARBONISATION 
, , THE IMPORTANCE OF COAL 

The importance of coal as one of the chief sources of our national wealth d&nnot 
be disputed ; nor, in the faco of our dwindling supplied and the frcrcAong difficulty 
of winning these supplies, can it be said that too much attention is bfcing paid to 
the problem of the scientific utilisation of our coal reserves. In the past, fuel Ttfs 
been used by man iryev^r-increaaiKg quantities; but in most parts of the worid 
the supply has been so pientififl compared with the requirements that therq haif^ 
beemlittle iuducemcrft untYl recently to study the most economical methods of its 
use. The conception, at one time of popular acceptance, that coal is a fuel,which 
will mainly be consumed in the raw state, is at length being replaced b) the correct 
and scientific view that coal is a commodity which should be made to yield other 
fuels of higher “ availability,” and from which valuable by-products us well asi fuel 
should be obtained. Although scientifically the burning of “ raw ” coal in boilers 
and furnaces for the production of Jieat and power must be deprecated! it must 
also be recognised that no adequate substitut e is yet forthcoming. Water power 
on a large scale is unobtainable in this country ; aqd, while it is to be expected that 
&n increasing and extended use will be made "of oil fuels, this c/mntry is entirely 
dependent upon imported supplies. The present demand for oil fuel is already 
beginning to encroach seriously upon the estimated nil reserves of the world, and 
trtiless or until vast fresh oil fields are located, or new sources of supply found, tlicro 
is no possibility of the supplanting of coal by oil as the mhin source of our power 
supply. As for gaseous fuel, fhe total substitution of gas for the raw coal at present 
consumed in producing heat and power introduces problems whieh for various 
reasons are not easy of solution. In any cage, the extension in the use of both oil 
and gaseous fuels leaveB untouched the pressing problem of the supply of a satis¬ 
factory fuel which can be burnt ,jn the already existing domestic grates without 
involving much, if any, cost on account of their structural alteration. 


THE CARBONISATION OF COAL 

t f 

It is 1 wail known that the carbonisation of coal, i.o. the beat treatment without 
access of air, yields solid, liquid and gaseous products—solid fuel in the form of 
coke, hqiiid fuej such as motpr spirit, fuel oil, lubricants, etc., < asc'>JB fuel suitable 
for lighting, power and heating purposes, together* with other products which may 
be used in thfl pr^wration* of fertilisers, 1 ' explosives, disinfectants, or which form 
the basis of the artificial dye ilidwitry. This’ treatment of coal is not only desirable 
in taler to ilicrt-ase the “ availability f ’ of the potential thermal units in the eba 1 

«. 2 i ’■ ' 
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—a terqpi which will be further explained in the next chapter—but ftieo to recover 
valuably by products such ae m sulphate of ammonia, etc., which are not fuels. 

The carbonisation of c6al is much mqre complex thpu j^the distillation of a 
fsimpl'' liquid mixture. In the latter caae distillation may be carried out in stages, 
and, the resulting fractions can in general be readily separated. In other,words, 
• the distillation process is purely a physical phenomenon. In the case of coal, how- 
evpr, chemical reactions may proceed simultaneously with physical modifications 
a^ the temperature of the material is increased, and different products may be 
evolved, the sopnratioh of which is a tedious andfsostly preceding. Further, the 
final form of existence of the product yielded by,! 1 *; carbonisation of c^a! is 
influenced by considerations other tlmn the temperature employed. Not only is 
the raw materiel itself a variable factor, but the conditions under which the. process 
is carBixl^iut also affect considerably the final products of distillation. 

There are no definite tines of demarcation between the various methods whereby 
coal can be carbohiscd, and the temperatures employed merge gradually in different 
types ofiplants from high, mediugj to low. Again, it may be found that process 
♦if carbonisation, first at low temperatures ;tnd afterwards at high temperatures, 
may in certain cases givo’results of economic value. The process of liquefying 
certain coals by hydrogenation* uiu^r pressure, into which considerable research ie 
-being made at the present time, also points out a method of treating coal which 
may possibly in the future prove a rival to those processes at present practised. 

No attempt will be made Acre to adjudicate upon the controversies between t^e 
advocates of the different methods of carbonising coal, each of whom would naturally 
like to see the process in which he is interested become of universal application. 
There is, however, ample room jp industry for a variety of processes, since the 
distillation of coal yields a large number of products, and it must bo recognised 
that the maximum quantity and Ihe highest quality of each cannot be obtained 
simultaneously. Thus the main desideratum of high temperature distillation iu gas 
retorts or by chamber carbonisation is a muxipAm yield of gas of the “ declared ” 
calorific value, and the recovery of coke, tar, etc., must be termed of secondary 
importance, although the financial results from the tale of these by-products play* 
an important part in making the proces?successful commercially., to the by-preduct 
ovens of the Koppers or Semet-Solvay type, gas am^tar’are 1 :^ cifeht by-products, 
and a maximum yield of hard metallurgical coke is gl pjin^iry impUrtance. In 
producer gas plants a supply of gat. for p^wer purposes—not necessarily of high 
calorific valuers Aesitsd. Th^ main desMerata of low temperature carbepusation 
are, however:— 

(1) The production of smokeless lud suitable for d*mVstic anfl otTier purpos*! 

(2) *Thc maximum pjoduction of oil of low apo«Sc gravity? 

.(3), The maximum production of gas of high calorific value. 
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The amount of incondensable gas wh Loir is obtained in low temperature parbon- 
isation is comparatively small, bvfl as the gas possesses special properties and has 
a high calorific value,s^Ie will have an important bearing on the financial success 
of the process. * • • • 

The^volatile content of the coke varies from 8 per cent to T/> pen cent against 
a volatile content of 0-1 per cent to 4 per cent for high temperature coke. Low * 
temperature coke can be -easily jjpiited, and can be used in open fire-places as'gt 
present constructed. » 

SMbKE POLLUTION 

Tlfe wasteful practice of burning raw coal in furnaces and domestic hchrtlis no t t 
only represente a direct national loss through the non recovery ojf valuable by¬ 
products from the coal, but is the chief cause of the smoke nuisance of lyrgtj cities 
and manufacturing centres. The pall of smoke' which hangs over all industrial 


, TABLE I * 

Death Bate and Causes of Death in London in-Novf.muek, 1922 


4 

Death Rate. 

, \ - . 

r (JaUSB Of 'Death in 

Condon. 

Week Ending 

London, 

England 
j and Wales. 

llroneliitiH 

1 Pneumonia, 

Heart 
Diseases. | 

Other 

Diseases. 

NdV. 11, 1922 . 

12-5 

12-6 

l 2u8 

198 1 

677 

» 18 - 

.13-3 

i 12-9 

j 257 

' 219 

G79 

„ 25 

1*3 

12-6 

326 

205 

689 

Dec. 2 

! 13-0 

12-0 

<> 268 

181 

680 


towns on a cahn day is a sufficient induction of the attendant evils. At thes£ 
great centres, where large numbers 1 of people must necessarily reside, public health 
and plant life not only suffer from the ensuing pollution of the atmosphere, but also 
trom the reduction of the hourc of available sunshine. Thus the figures in Thble I 
are significant when it is remembe^efi that, 'early in November, 1922, London was 
visited by a severe ^Tyg. It will be seen from the table that, whereas the death-rate 
over the coutcry rennuned approximately, constant throughout the month, that in 
London was considerably iAeregoed, (hie chip-fly to deaths from bronchitis and 
pneumonia. Other factor* myst of course be taken into cpnsbfrratfbn ; but that 
smoke pollution is contributory cause to general ill-health appears to-bo clearly 
indicated not <tsly ^froiti tills table, but* from other statistics bearing on this 
•particular subject. • • * • <-. 

Eoga not tally affect adversely the health of the people, but 6 cause vexatious* 
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delays'jn traffic and loss of time and temper, while involving great ^expenditure on 
artificial illumination. Furthermore, public byildings and monuments arc dis¬ 
coloured and damaged by tie soot and acid of the snqpk^ # Even in the average 
household the additional expense of th* smoke nuisance is appreciable. An investi¬ 
gation was made in 1918 to ascertain tlie comparative cost of household ^washing 
in Manchester and Harrogate. It was found tliat the extra cost in Manchester for 
fuel and washing material, attributable to the siqoky atmosphere, was equivalent 
tp about 7|d. per week per household. *lt is computed that the total yearly loss 
for Manchester and Salford is nearly hfllf a miflio| steilufg.t 5 The baneful effects of 
xnxfkc in cities are fully described in the Final Report«sf the Committee on Ijmoke 
tyul iJorflous Vapours. 5 * 

SAoke is emitted to *the atmosphere in the main from two* offenders—the 
in^usjjtia^ and the domestic chimney. Their relative culpability differs in various 
localities, and the remedy in eJoli case is not the same. The employment of 
mechanical stoking and careful hand stoking has, in the case of industrial plants, 
done mqch to render possible that constancy of fuel supply to boiler furm^ccs which 
•prevents the formation of smoke ; while the higher temperature of a well-regulated 
furnace over that of a dorrnW ie fire tends to make any resulting smoke less obnoxious 
and injurious. It is.genorally^agqied that, at least in many cities, the domestic 
chimney is the chief offendet as regards the smoko nuisance. 

Little can be done locally to reduce the smoke nuisance from the domestic 
chimney. Sir Napier Shaw/' the Chairman of the Advisory Committee on Atmo¬ 
spheric Pollution, lias suggested that a reduction in rateable value should be made 
for a smokeless house. Moreover, in a large number of the houses now being built 
in various parte of the country provision is made for^tnly one coal fire per house— 
that is, one in the main living-room. It should be further noted that in the recently 
published report of thcJPublic Control Committee of the London County Council 
the Committee express the opinion that? the time lias arrived when the use of the 
old-fashioned kitchener might well cease; .nofcphly because it is inefficient, but also 
because it must be held responsible lor a very large proportion of smoke arising 
from fiomestiq chimneys. 4 

Suggestions of this description ar'o,'however, ^iot always immediately practical, 
and in any case are only palliatives. The smoke nuisance problegi nufct be examined 
from the broad national standpoint, and jts solution wjll be l^Kteue<Ftf it*is found 
possible to obtait* an adequate supply smo^'lcss* fuel suitable for domestic 
purposes. Uifiibuftedlg the burning of stnoky .coal ior domestic qmrpose^ cannot 

1 Tlioq^on, W. Mitutbixler (hitirdmn, 22nd dfobmiiry, 1<!22, 

8 Ministry of Health. Committee on Snuiko and Niuiou.r VHpouts Ahntoffriit: Final Report, 
|H.M. Stationery Office.) , 

- ’ Shaw, Sir Najjpr, F.R(j. Tints, 2:?nl August)* 1021. • , 

■ 1/ondon County Council: Report of l’uhlic Control Committee, 3rd July, 1923. 
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well be prohibited by legislrflion until a recognised valuable and economic suljStitute 
for raw coal is upon the market in sufficient quantities 

4 

, SMOKELESS FUEL 

The use of gati for cooking purposes is diverting a certain proportion of c«oal 
from the domestic fire-plage, ’but neither gas nor electricity seems likely to become 
universal for heating purposes in fmuscliolt^s. Although the efficiency of a dorocstfc* 
fire-place as a heating < giAifcy for^rohnis is law, it must be recognised that factors 
other than thermal efficiency render it improbable that open fire-places wiU.be 
superseded at an early data. 'l'he average Englishman likes to sec a chetrffil fixe 
in his living-rooms, and this cherished desire is proof ag^nst such scientific*>d«tails 
as lack of efficiency, etc. Although national sentiment in favour of open'fire-jolaceB 
is not likely to be changed in the near future, man*, of the drawbacks of the preseht 
system would be reduced by the substitution of a good smokeless fuel for the soft 
bituminous coals now used. There is therefore ample scope for the development 
of suitable processes for the carbonisation of coal at low temperatures, and it is, 
reasonable to expect that commercial success will cvenUialfy be attained. 

, The requirements of a good smokeless fuel in til's country may be thus briefly 
’summarised:— » * 

(1) It must have been previously treated for the recovery of valuable by- 

» products from the raw fuel and so rendered smokeless. 

(2) It must contain suffip ient volatile matter—say 7 per*cent to It) per cent— 
or be of such a structure ns to be easily kindled and kept alight, in open tire- 
places as at present constructed, i.o. it should require very little, draught 
for combustion. 

(3) It must have a relatively low ask. contrtit ; partly to prevent an tindn^, 

reduction in Its calorific valqe, and partly to reduce the dust resultant upon 
combustion when burned in household fires, and 1o reduce clinkenng troubles 
when burned in boiler furnaces. , 

(^) It must not, be so friable as t»> breala.easily during handling ifnd transport. 

(5) It musUme cipnpart, but not of such a structure that the ash formed during 
combwitiou covers the surface of .the fuel in such a manner as to hinder 
combustion or to maik radiation. , * 

(0) Its price* must be'sufficiently la# so that when thp ot*er Vtlvantages are 

* taken into %ccojuit. it will attract purchasers away from bituino^pua coals. 

, If the cdfife W'scfid hr the form of briquettes, the advantages of uniformity 
and coherence s Him Id bj^i^ken iyto account when considering the economic 
value of the briquettes. * € 
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OIL FUELS 

According to Lloyd’s •Register, the s.s. Bahtin was.fitfcqj for burning oil fuel 
in I£92, and wat in all probability the first oil-burning stedftfer engaged in eon- 
tii)uouB sea service. Since that time engineer have watched witli interest the great 
developments wfiich have taken place in the substitution of oil for coal in ocean¬ 
going vessels. During the past fifteen years the jTaduabreplacement of coal by oil 
[ms been going on in the Navy, and at th^ present time almost, complete substitution 
has been effected. ■ 

In the Mercantile JWarine dovelopnRjnts have beqn A-ss rapid, owing to tl^e fact 
that in this service overall economy in working must necessarily be a consideration 
of gftaW ( urgency than hi the Navy, where the efficiency of a ship as a lighting 
ugit js oi the first importance. It is, however, worthy of note tliat in the “ Report 
of Lloyd’s Register of Shipping%n the Year 1922-3” it is stated that “vessels 
to the number of 123, representing 782,830 gross tons, or 48-4 per cent of the total 
tonnage of new vessels classed during the year under review, were fitted fyr burning 
> oil fuel.” At the same time it should be “mentioned that the Society's Report, 
points out that- it does rfbt necessarily follow that all such vessels are at present 
using oil. Again, siijce July, 1?) 14,the tonnage of vessels fitted for burning oil fuel _ 
on Lloyd’s Register had increased almost twelvefold by July, 1923, and vessels 
fitted with oil engines had increased from 297 {234,287 gross tons) to 1,831 (1,698,414 
gross tons) in the same time. 

Even before the great European War the question of the home supplies of oil 
fuel for the Navy and Mercantile Marine had been given anxious consideration by 
those in authority. The subject was first exhaustively examined by Lord Fisher’s 
Commission during 1912-13, while emergency inquiries were conducted diming the 
War with the same object. None of these later inquiries added materially to tho 
Informa fion which had been collected atfd verified bv the- Fisher Commission, whose 
main arguments arc as true to-day as they vJrc in 1912 ; while, as yve have just 
shown, the urgency of the problem has been greatly intensified. 

IV impqftance of this matter was demonstrat ed most forcibly during the War, 
for it. is generally known that the reserves of <41 in this country t were on occasion 
dangerously low. The only practicable, stops to njie.vf tbis^horfege from home 
sources that could then be taken were ±0 develop tly. Scottish share industry to 
the utmost, and fo divert for Admiralty i^c as imcl* as possible of the heavy oil 
produced byj&c ixis^ng carbonising ptfcnts. ■ Tho.augmented mipply of fuel oil 
from thy; sources was, however, veTy^small relative to the war demands of* the 
Fighting Services. Although the requirements of the ds’avt 1 hhvcdmw been placed 
to pr^War standard, or oven below it, tljp ineflny^ in thfc like of oil in merchant* 
,voh;c1b makes tfle question one of rapidly increasing importance from the national 
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point of view. It is true that the period of scarcity and high prices has paegfed for 
the present, but the fact' still remayis that this country re dependent upon overseas 
supplies foT all fuel oi^ Required. The amount of fuel oihfhat can bo obtained by 
/he carbonisation of <!t>al at the high temperatures employed in ordinary gaswjirkn 
*or coke qvens iB comparatively small, even apart from the fact th^t there is already 
a regular outlet for the products ordinarily obtained by these processes. Thhre 
remains, however, the poesibility^of employing some process of carbonisation at, 
low temperatures, and the position thereby createdsummarised in the Report 
of the Fuel Research Bfcartl for tlje years 1918-19, 1 as follows:— , 


* ‘ If bituminouB coal js to beer me an important sourci of home supplies of 
fuel oil for the Navy and Mercantile Marine, tens of millions of tons perfnyiunr 
of coal, which is at present burned in the raw state, would need t<j be*nubjeoted 
to a preliminary process of carbonisation, and thereby split up into’gashoi*!, 
liquid and solid fuels, which collectively would be used to replace this raw coal 

for the purposes for which it is at present consumed.” 

* • 

It must bo recognised that the value, of the oils obtained by low temperature . 
carbonisation will be dependent for many years to conn!’ on the competitive price 
of the petroleum obtained from the oilfields of tfjc wVirld. Thip value will rise and 
fall for reasons outside the control of those in charge of low temperature processes, 
and may possibly fluctuate independently of the markets for the other commodities. 
CJn{il the industry has become stabilised, therefore, ofrtimistic monetary values of 
low temperature oil should be accepted with caution. „ 


LOW TEMPERATURE GAS 

In the early attempts to work low temperature processes the gas obtained was 
used to supply the heat required for the ret oris, * It must Co said in passing that,* 
owing in some cases to loss of gas tlrrough the use of unsuitable retort materials, 
the heat so obtained was insufficient for the purpose, and extra sources of heat had 
to be supplied. The passing of.the Gas Regulation Act of 1 GUO, whereby gas com¬ 
panies are empowered to charge for 'gas by 'calorific value instead of by volume, 
has, however, aKtcet^ a ntr.v value upon the gas obtainable by low temperature 
i carbonisation** This ^as, being very high jn calorific value if uncontaminatcB by 
the heating medium, would" be^exceedingly ( useful as an enriching agent for 
increasing the calprific value o£ low grade* gas, and is therefore /of Street interns* 
to the gas companies. It is almost certain that ifnprovetf economic Vaults will 
be objained by “tie fyse 4 of producer gas &f low calorific value as the'.^eating 

Agent. for the low temperature retorts and the "sale of the rich gas obtained lyV the 

•• 1 * 1 « 4 • 

1 Fuel Research Board. Report for the Yearn 1918, 1010. (tf.M. Stationery Office.) i 

» C « • 
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procete. This, as was first pointed out by Sir Gfcorge Beilty, 1 may form a 
connecting link between the gas-making industry and the establishment of the 
now process, and the gas may become one of the mo6t valujljle and least speculative 
of tjio assets of tow temperature carbonisation. 

RIVALRY BETWEEN CARBONISING SYSTEMS 

It is perhaps not difficult to appreciate the want of enthusiasm which has in 
*thc past been showjj by gas engineers towhrdjf the'j^o^fiss of low temperature 
carbonisation. Not only are the protases of high an^ low temperature carbonisa¬ 
tion ve»y distinct, btft in the former case we have an industry which is, after years 
of eapiriencc anil development, well established, in which many millions of pounds 
have becil invested, in which trustworthy data relating to processes are published 
iS numerous technical papers, and in which the values of the products of carbonisa¬ 
tion &tc well known and whore these products arc widely utilised in industry and 
in the home. In the latter case we have an indent ry, or a possible industry, which 
has not yet been placed upon a stable financial basis, in which there has not until 
lately been available *ny»independently established data, in which much research 
work has yet to be undcrtnlfm, and in which markets must be created for the 
products of carbonisation. • 

The rivalry between the advocates of each system of coal carbonisation is com¬ 
mercial rather than scientific. Each system may supply a want which the other 
cannot satisfy, and one cannot therefore under present conditions displace Ihe 
other. Uniformity of treatment of all our coal supplies by any one process could 
only be possible if all coal were alike and there we*; no demand for the products 
of other processes. The qucstiifh of the relative efficiency of different processes, 
though interesting from a scientific standpoint, is therefore not of primary 
•importance. * * , 

9 

DIFFICULTIES, IN THE ESTABLISHMENT OF LOW 
TEMPERATURE CARBONISATION 

It is unnecessary to enlarge npniAhe great, .possibilities of Jl^f products of low 
temperature carbonisation. These have already beeji put forward’wi recent years, 
with perhaps more than justice, in tire statements jvjiic^liaje teen math: by sanguine 
inventors, and in the prospectuses of companies relief* have been floated to develop 
one or other ^Stented^process It has bftm truly Raid that the advantages of low 
temperayfe carbonisation are too obvious. Many of the ejcelkmt results obtained 
from m^eiials in the laboratory are jinquestionrd, bifi. bofonf-tlifiTfamc restate can 

m 1 Toel Research Hoard.-Report for the Years 4920, llif* Second Section ; “ Low TempMatvre 
/Jarboniaatjon.” (H.M. Stationery Office.) r 
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be produced by a plant ob a commercial scale many technical problems Jiave to 

be solved and much large-scale experimental work imdertakeu. The necessity for 

technical in vestige tiop^and control cannot he overestimated, and it will be found 

in this, as in so marry other manufacturingtcnterprises, that favourable results are 

largely jnfluenced by the many small economies and modifications of working 

determined by careful supervision. The probability of the commercial success of 

any low temperature process and Us capability of general application cannot, indeed, 

be determined until after full-scale pianist have been in operation for considerable 

periods. _ < 

T^e process of coal eariiojiisation itself* is most complicated, and the problem 
is rendered still more complex by the wide differences which exist bet ween,°diiIoreijt 
coals and evcit sometimes between samples of coal taken from the same 'seam. 
Proximate and complete analyses, though useful, are not complete indications.of 
the behaviour of coal in all types of retort, and microscopical research work has 
not yet been fully co-ordinated with the results of actual experience. In order to 
assess any low temperature process commercially, not only have the kind of .material 
treated and the products of distillation to be considered, but also the methods of> 
operating the plant and the mechanical details of tire retort*. Although much work 
lias been done to establish the broad underlying jmysicat an,d chemical principles 
governing low temperature carbonisation, a more detailed amplification of these 
principles to suit local conditions lias still to he determined. 

Broadly speaking, the establishment of low temperature carbonisation as a 
commercial possibility is dependent upon four important factors, viz.:— 

(1) There must he ample ^supplies of the raw material. 

(2) The plant must he such as w ill have a rei&onablc life, and it must he under 
the control of an experienced and scientific staff. 

(3) The products of distillation must ire in a marketable form, either for thb 
direct use of consumers, or*ms the raw material in other industries. 

(4) The commercial value of the products after retorting must admit of a reason¬ 
able margin of profit after meeting the working costs and pianufacttiring 

, expenses, including the depreciation*h.ild renewal of ihe plant. 

the Establishment of markets for low 
]'EMBERATC jtE PRODUCTS 

♦While the four factors gi\*n above will be discussed in greater deitiidl, there is 
one aspect of ftn ttsrd*’whi«h might conveniently he enlarged upon at His stage, 
viz. tfie.t there doesmo# at pruioirt exist a demand for the special productive low 
temperature ‘carbonisation. A market there assuredly ih for cbkc, oil and gap 
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obtained by low temperature carbonisation; but it is ahnarlmt in which the special 
properties of these products receive little, if jiny, commercial recognition. For 
example, there has been so flic Sent low temperature coke distributed and sold within 
roeent years for $s admirable properties as a domestic fuel to«be widely recognised. 
There i£ ho^wevej, as yet no great demand amongst householders for tlij^s fuel in 
preference £0 tu\' coal; and, if it were produced on a large scale, the degree to 
which its superiority over raw coal would be reflated* but he price which consumers 
would be willing to pay is unknown. 0 

Low tcmperaturc/>i! aud low temperature gasguv in t^ewuuc category, although 
no# to the same degree. It will be frttind later that, ^ie economic stabilisation of 
low fetwpeiature carbonisation is largely dependent •upon the establishment of 
murk* 1 !® for the gas, coke*and oil, in which there is a commercial recognition of the 
SDecial properties of the products obtained by the process. Until a lull-scale plant 
has been running for scene comifteruble time and has been disposing of its products 
in a free market, any enhanced estimates of the value of those products must be 
acceptojl with caution. 
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"THE FUEL PROBLEM 

ASPECTS df THE FUEL PROBLEM 

« f 

The fuel problem may be stated in many diverse ways. It may be that, in the 
first place, it is desired to draw attention to the world’s diminishing supplies of .the 
known fuels, to the increasing difficulties in obtaining those supplies and to' the c 
corresponding necessity for utilising them economically and efficiently; it may be 
that, in the second place, it is desired to ft.-ge the necessity of research for additional 
or alternative supplies) o { Intel; ;>r it may be that, in the third place, it is desired, 
to stpdy the methods whereby householders and manufacturers may obtain ’Iieat 
and power from fuel in tlfe most convenient form for their immediate needs. 

Many papers have already been written oil the first'statement of the problem, 
and it is only necessary here to recapitulate some of the main facts. The ijecopd 
statement of the problem falls outside the scope ’of this volume, hut it is desirable 
to discuss fully aspects of the third statement of the problem with particular 
reference, to the process of low temperature carbonisation. 

COAL 

In regard to the first statement of the problem, it- is recognised that coal is the 
most important source of the world’s fuel supply. The amount of the world’s coal 
reserves is, however, a very hypothetical figure. At the World's Geological Congress 
held in 1013, these reserves were estimated to be about- 7-4 million million tons. 
Of the total, the reserves df the United States were estimated to be about 52 per 
cent, of Canada about 17 pet cent, of China about 13£ per cent, of Germany about 
5J per cent, and of Great Britain only about 21 per cent. It is not necessary hero 
to discuss the validity of these figures, or the probable length of time required to 
exhaust these stores, though it should Ge noticed in passing that the varioeu 
estimates made by experts agree “that this period of time must be measured in 
hundreds of years only. A more important matter from the point of view of this 
country is the comparison of *the coal supplies of Great Britain with those ,-f her 
nearest trade rivals. One of the Reasons fof the great increase in the prosperity of 
Great Britain, 'l'uring the-past century was the plentiful supply of good and cheap 
coal. T^is enabler! jpanufqfturifs to keep down the costs of production and gave 
them opportunities of comfietiijg successfully in the world’s markets. It is now 
agreed,.however, that, at> thi, 1 present rotes of consumption, t^ie f^erves of Great 
Britain will be exhausted long before those of America and Germany^, Although 
this by no rfleanB.t»n*urgetit matter as ^et } it can bo seen that, as our gesources 
B dwindle, the cost oftwisrung tlye yoal from greater depths and from thimuv,_seamB 
must iacrease', so that it may be only within a few generations that our coal exportfc— 
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will dimiflinh to a negligible quantity, and our industries will be penalised by paying 
more % their coal supplies than do the industries of their foreign rivals. It is the 
price of coal, and not the quantity of the reserves, which {^Verns the commercial 
utility of .our natSmal coal resources. "Though the reserves in Great Britain are 
not-likely to.-be flaunted for many years, the present generation must Be con¬ 
sidered the guardians of the geological heritage it lias/eceived. 

..The world’s production of coal at present is *f the order of twelve hundred 
rryllion metric tons. * Table II gives the amounts junduori). in various countries for 
the years 1919, 11*20 find 1921, and also the information received by the United 
State’s Geological Sumy up to March, 1$23, on the wfthj’s coal production in M22. 
Tip- production of certain countries for 1922 is not given, but the total of the 
missing data ordinarily amounts to 4 per cent only of the aggregate. The estimated 
tottj for 1222 given in Table II isjiot likely, therefore, to be very different from the 
actual production. The unit used is the metric ton of 2,205 lb., the approximate 
equivalent of the long or gross ton. 


TAW.K II 


Estimate of the World's I’kiswotion of Coal in the Calendar Years 1919, 
. * ,1920,1921, and 1922 


Country. 

1010. 

IO-O. 

1921. 

m2. 

Australia . 

111,7:10,321 

13,170,420 

13,073,845 

* 

Belgium . 

18,482.880 

22,388,770 

21,807,100 

21,234,lfo 

British India 

22,991,217 

17,306,889 

• 19,511,154 

19,000,000 

Canada 

12,411,328 

15,088,175. 

13,555,402 

12,890,1G8 

China 

18,29^252 

19,484,890 

* 

* 

Ozecho-Flovakia . 

20,940,81 ff 

31,080,479 

32,099,111 

29,000,000 

France 

. , 22,341*000 

25.31)0,000 

28,970,495 

32,000,000 

Germany- Coal . 

fl 16,707,200 

fHO,757,433 

1145,610,000 

1130,905,000 

„ Lignite 

93,0-1.3,500 

Ml. 031,000 

123,011,000 

.137,207,000 

Japan 

32,703,338 

30,819,898 

20,000,001) 

25,000,000 

Union of S. Africa 

9,313,232 

10,408,497* 

10,331,886 

10,000,000 

United Kingdom 

235,407,478 • 

253.210.071 

106,922, (WO 

255,892,000 

United States 

302,534,111) 

597.108,000 

4*9,402,000. 

417,0(H),000 

Other Countries . 

40,553,803 

19,008,527* 

* • 

; 1 ■_ 

• "* 


1.1 03, 000Ml 

■ ~ 

1^11,0(10,(1(0 

LV»3,G<>0,000 

1,200,000,000 

• 


‘‘^stiinutc included i:i telal. • ( Includes ijfiur uyfl ifiloni*. 

Of We major coal-producing nai ions, Great Britain ami France are therefore 
W only ones to snow an increjsc for 1922 over 1921. The proportion contributed 
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by the United States was about 35 per cent of the total, and the reduction ip output 
during the years 1920-2 is very marked. The proportion contributed by the 
United Kingdom is jit it over 20 per cent of the total, a great increase over that 
of the preceding ye&r ; hut the drop in tin* product ion for 1921 inust be attributed 
to som; extent to the coal strike of that year. s. , 

The proportion contributed by Germany, including the output of lignite, is'just' 
over 22 per cent of the total. According to the Report of the Reich Coal Council, 
the German production of coal 1 for, 1922, exclusive, of the Saar district, amounted 
to 129,964,000 tons, wnich is abdut 1| per cent less than that foT the previous year* 
and About 31-6 per cent Idas .than that for^the year 1913. Du the other hancT, the 
production of lignite for 1&22 was 137,207,000 tons, being 11'4 per cent ftiore than 
that for 1921, and about 57-5 per cent more than thht for 1913, TJic^u "figures 
confirm those given by the United States Geological Survey. . . : 

LIGNITE, SHALE AND PEAT 

Other potential sources of the world’s fuel supplies arc the brown coals, lignites, 
shale and peat. Extensive beds of brown coal occur ill Germany, Central Europe, 
Victoria and Canada, but only to a very limited extent in England. In Germany 
the use of brown coal has been greatly developed ifi recent years. Since lignite, 
where available, is at the present time the cheapest source of thermal unite, 
Cermany’s example is being followed by other countries. The importance which 
brown coal is likely to attain in future has been very clearly shown by Sir George 
Beilby , 1 and need not be recapitulated. 

In the British Isles the second in order of importance as regarets our fuel supplies 
are the oil shale deposits and the peat bogs. • At present no commercial method has 
been developed to deal with the large percontage.pf sulphur unfortunately associated 
with some of the larger shale deposits wnich so seriously diminishes the usefulness 
and value .of the oil products. *In America and otheT countri<;s, however, the 
problems connected with the utilisation of the vast deposits of oil shale are in some 
respects different to those iif Great Britain. Neither in Great Britain nor Abroad 
however, have these problems yet 1 >een satisfactorily solved. 

Th^ problems connected 'vith the winping and drying of peat have also receivee 
much attention, but those arising from, work on a large commercial scale are stil 
unsolved. Peat blocks lend thitnaelvcs admrably to carbonisa"ion at low tempera 
tuxes ,4 but it is impossible .for developments to occur ig.thjs JiWtion until t.L> 
prior problems oSpinning find drying have been satisfactorily dealEwith. It i 
clefcT, for exatrfplef that before peat can bf said to possess any cconchnic value 

• 4 m 

L 1 Beilby, Sir George. Fud rfoUAns of the Future, Inst. of Kngfneers : James Fore;- 
Lecture, 1021* f 
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machinery must be employed on a large scale for its winning and preparation. The 
drawback to the development and use of machinery for peat production is that, so 
far, the cost of production is moro than the commercial v#Jpe of the product, at 
least jn localities tvhere coal is within reasonable distance. “ * 

OIL 

' Of the world’s alternative sources of fflfel, oil isJat present next in importance to 
coal. Of the output »for 1920 of a bo fit 97 million tons of*oil, the United Statc-s 
produced 64*8 per cenj, and Mexico 23-3 per cent. ,T>c supply of natural pil in 
this cdiirftry iB practically negligible, although in timJs of peace, at all evonts, 
British ftterestp in Eastcri? oil fields mitigate this disadvantage to some extent. 

I Estimates of the oil left in the oil fields of the United States indicate that they 
wiiriiust barely twenty years at tftc present rate of consumption. Probably, how¬ 
ever, the production will be spread over a much longer period, though in later 
years it ipay be at a declining rate. There is therefore serious, though not immediate, 
concern for the future of the oil supplies from the United States oil wells. It is 
estimated that there stiH rdtaain enormous reserves in Mexico and other countries ; 
though in some quarters the fisir ig expressed that Mexico’s present phenomenal 
production may ftot much longer be continued. 

The potential oil supplies to be obtained by the treatment of coal at low tem¬ 
peratures will be discussed in this volume, though no attempt will be made 4* 
consider the broader prgblcm, viz. the heat treatment of all carbonaceous materials. 
Enough is known from laboratory experiments to justify the hope that, from these 
sources alone, it may be possible to draw a plentiful supply of oil to meet the world’s 
needs for many centuries to come. Although full-scale experiments have not been 
equally successful, it is believed that the knowledge and experience gained during 
rellont years will shortly make it possible to establish an industry on sound com¬ 
mercial lines whereby both oil and smokeless fuel supplies will be obtained in bulk, 
either from material which is at present consumed in a raw* state, or, in a more 
limited mimbe^ of cases, from the so-called “ waste finds.” 

ALCOHOL 

As an alternative motor fuel to oil^ilcoho^may Veome oT increasing importance. 
Crude oil has^jfcw^ver^ an advantage oVr alcohol, .imtsmnch as* it yields troth 
lubricating oil and fuel oil. Alcohol, even if produced at p cheap enough rate, 
cannot therefore wholly supersede crqjle oil for industrfal prtrpfsetC The proems 
coimecjrffl with the available sources of supply aqff J^e nmtfufucture of alcohol,^ts ' 
Suitability for use*in intefnal combustion engines and its denaturing for industrial 
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purposes, are discussed in the Memoranda on Fuel Jot Motor Transport, 1 published 
by the Fuel Research Board in July, 1920, and December, 1921. The investigations 
as to the possibilities n>f producing alcohol within the British Empire are still in 
progress. " ' * 

* THE UTILISATION OF THE HEAT OF C<3aL ’« 

The consideration of the "economical use of our fuel supplies leads to a discussion 
of the third statement of the fifil problem, i.e. the methods whereby householders 
and manufacturers mt-y ’obtain <heat and power in the mo%t convenient form'for 
thei^own immediate need*). f Fuel is not ifti end in itself, but merely a means to 
an end. The householder requires heat for the preparation of his food, and for 
the maintenance of those equable conditions of his dwelling, upon which the'health 
and comfort of the inmates depend. To a minor extent he would often like alsp a 
small amount of heat energy as power, in order'to be able to instal labour-saving 
devices in the home. Oil the other hand, the manufacturer only requires heat to 
a minor degree for the maintenance of an equable temperature in his factories. 
To a much greater extent he desires to have heat energy to supply his motive powcj 
and to drive his machines, or to initiate or produce semf chemical change in the 
raw materials of hie manufacturing processes . m Ckfcaeionally he may wish to store 
potential energy which can he conveniently utilised abanother spot, as, for example, 
by the pumping of water or by the manufacture of calcium carbide. 
t In the great majority of cases in which heat is utilised, however, the process 
eventually involves the complete loss to mankind of all the heat supplied. For 
example, in the case of a steamer crossing the ocean, fuel is burnt and transformed 
into work through the media of the boilers and engines. This work is used to drive 
the ship against the resistance of wind and water. In the process eddy currents 
and waves are set up, and when these finally die away the whole of the heat from 
the fuel haB gone to raise infinitesimally the temperature of the surrounding tfea 
and air. • 

Fuel is the chief, although not the only source of the energy of our modern 
industrial life. For convenience to householder and manufacturer, it naay be 
desirable to transform the heat epelgy of cUal into ol her forms of potential energy, 
as, for example, into gas and electricity for heat, power and light., etc. In 
any case, bfcth t*u^ acquijremcrtf of the, fuel and tin: transformation ot its heat 
energy into the desired form y.rc arcoropaqjcd by losses whty:h arc occasionally 
many Jimes that of the Iteat., finally sto»/l or utilised. The thjrd Vy»et of the fuel 
pfcblem is therefore concerned with methods of obtaining energy in schne particular 
format a definite spots with the least amount of loss. 

^ 1 Fuel Research BdkrdT Inlcri^obl^moran^unt on Fud for Motor I'retttoporl. 

Fuel Retoarrli Board. Htconi Memorandum on Furl lor blot'A Transport. IH.M. StationoFj - 
Office.) . I , 
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THE, FUEL PR^^LEM 

AVAILABILITY OF JIRAT 

• 

Sir George Beilby has used the term 11 availability of h&4 ” in connexion with 
this aspect of thc'question. One fuel i8 then said to be of higher availability than 
another for p pajflcular process when its heat can be used more conveniftitly or 
* efficiently for that purpose. In all processes of fuel prjjluction and preparation it is 
desired to increase the availability of the heat, nnddjp'rebf increase also the value of 
tie fuel for special purposes. Coal in its native .state underground cannot be used in 
industry until it has teen won and raised to the surface. Tfie processes of winning 
and raising increase, Rrerefore, the heat availability, ffhj coal may then be washed, 
lYashwg'may make possible the more efficient use of the potential beat of the 
coal, and so may increase the availability of the heat energy of the fuel, which is 
thlhj^urtlwr increased'(from the conmimer’s point of view) by its transportation to 
the user by rail or sea. The object of submitting coal to one of the processes of 
carbonisation is to raise further the availability of the heat units. In the form 
of gas or»oil these units have a much greater degree of availability, rendering them 
tnore valuable to the fuel consumer, aud enabling them to command a higher price 
than an equal number of heat pits in that fuel in any of itfl original states. 

THE INCREASE IN HEAT AVAILABILITY 

* 

All processes for raising the availability of heat are accompanied by losses, ii 
coal washing, for example, a proportion of the “ fine* ” is carried away with the 
ash in the slurry. In gasification, heat is lost in radiation and in the condensing 
plant. These processes also involve monetary expenditure in the form of labour 
charges and profit. Since the resulting fuel must bear all these costs, the problem 
becomes that of deciding whether the increased availability of the heat units in 
the filially produced fuel is worth the increased cost. 

Jt will always be found that the actual heat employed in the utilisation process 
becomes more expensive ns the availability of the fuel is increased, since each of 
the ffifa! heat units must be debited with its share of the British Thermal Units 
lost in the production of the final fuel, in other words, the over-alUhermal efficiency 
of the process of obtaining and preparing the fuel is^lecfeascd £S the availability 
of the heat is increased. It becomes necessary to Judgcdn jach case of commercial 
heat utilisation yUBthcr it is econorsieatty %ound*to use a largo amount of heat 
from cheap fupl which cannot?biyitilised wflh high efficiency, or, on Hie other hand, 
to use a smaller amount of heat from a,high grade “fuel whicj|*can he used with 
high efficiency and great convenience. The prices commanded By a therm*ftiz. 
HK),00^ British Thermal^ Units) in various* forms »i fuel TlifUr according to the 
relative costs of the fuelR at er^y time or place, but for convenience of reference are 
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given between wide limits in Table III. These figures are in themselves a .measure 
of the value of tile higher availability of special fuels. It may be said, therefore, 
that the aspect of thefhcl problem thus presented is that of raising the availability 
of the fuel at the least possible cost. ' ' 


TABLE III 

'*-A 

Cost os- Onk^Ierm ut Various Forms or Fuel 

Coke at 2(5/- to 40/- {><■? foil, say‘8 lb. per therm ... 

Coal pt 30/- to GO/- per toe, say 71 lb. |ier therm . 

Fuel Oil at 5d. to Gd. per gallon, say G lb. per therm 

(las at 9d. to lid. per therm ....... 

Petrol at 1/4 to 2/G per gallon, say fi lb. per therm . 

Electricity, 20 units at 1 Jd. to 3d. . r ■ 

Alcohol at 4/- to 5/- per gallon, say 8-3 lb. per therm 


Pence.' 
1-1 to 1-7 
1-2 to. 2-0 
:i-0,to 3-8 
9-l» to 1E0 
CIO to 20-6 
43-5 

49 6 to 02 


APPLICATION TO LOW TEMPERATURE CARBONISATION 

It will be seen in a later chapter that this aspeef of the fuel problem is of 
particular importance to those interested in the'development of the process of 
low temperature carbonisation. The availability of heat in coal is undoubtedly 
increased by carbonisation at a low temperature. The immediate problem to be 
solved by advocates of low temperature carbonisation is to make the cost of 
treatment of the original fjiel sufficiently low to attract consumers generally, or for 
any particular industry, by the extra convenience and heat availability of the 
resulting fuels. 

Although much might be written about the desirability and necessity of the 
utilisation of the so-called “ waste fuels ” and^of the inferior fuels, such as shale 
or peat, it must bo recognised that, iu many cases, it is at present commercially 
unsound to attempt to increase their heat availability. There must always be a 
certain amount of waste fuel, no matter how scarce or expensive high-class fuel 
may become. It is only as the higher grades of tuel increase in price, that increasing 
siijtplie., of the l.-wcr grades of fed become economically of importance. Examina¬ 
tion will be mhdejn later chapters of the claims made by sonic inventors of processes 
of low temperature carbonisation to utilise the fuels which are, under prerent 
industrial conditions, only jHit&itial snipes of heat and powel. It may safely be 
assumed that, ‘even if certain of these processes nje not commercially sound at the 
present moment, etha changlhg conditions due to the undoubted gradual rise in 
tlw? costs of the higher grade fuels may eventually enable some of tho present 
pVTccsacs, or improvements «m\thc present processes, to become of commercial 
importance. . 





CHAPTER j/v 

NOTES ON THE GONSTITUTIOIV* ofc COAL 
INTRODUCTORY 

Although coA is of very common occurrence and has bee* fltilised for so long 
as a source ot heg>, light and power, it is undoubtedly true that the chcmiaal and 
* physical study of this important mineral has been much neglected. It is only 
jvjthin the last few years that the number of mg£<freh* workers who have been 
investigating different aspects .of the conftitutiorJof ciial has been in any degree 
commensurate with the importance of'the subjeef. The reftarch has also suffered 
bv Having taken the form of isolated experiments ; %nd only lately has ther^been 
apy tendency for investigators to make a combined attack upon it. The reasons 
for the *dist)nqfive difiereflees between various types of coal have not yet been 
cctop}etely placed upon a rational basis, nor is it possible to enunciate general 
laws regarding coal which are strictly true. A more intimate knowledge of th8 
oonetmition, as distinct from the composition, of coal would undoubtedly be of 
great value to the technologist, and might assist in the solution of some of the 
problems relating to carbonisation. 


DUftMTION OF COAL 

It is very difficult to suggest a definition of coal which will be at once scientifically 
correct and of general acceptance. St opes and Wheeler 1 define coal as follows :— 

“ Ordinary coal*is a compact stratified mass o i mummified plants (which 
have in part suffered arrested decay to varying ^egrees of completeness) free 
from all save a very low percentage of other matter.” 

Strictly speaking, tins definition is applicable to bituminous and anthracitic 
coals only, and docs not cover the wider rXngc of all carbonaceous material. Impure 
deposits, due to the plant substance being insufficiently free from inorganic matter, 
may grade into shales and other carbonaceous materials. On the other hand, 
to quXrte Lewijg : 3 — 


“ The most satisfactory view to take of tile composition i?f coal refhat'it is 
an.agglomerate of the solid degradation product# of vegetable decay, together 
with such of t-ly original bodies as have resisted to*a greater extent the action 
to whirlt thimmaterial has been subjeltea,” * 

1 Dept, ol Sdontifii! and Industrial Kwiearok. Monograph oj tht CaiMXutioH of Coal. Stooea 
Marie C., RSc., Fh.l). : Whralrr, B. V.. D.Stv (H.M. Stationery (fflee.)* * . 

* Vivian. Tht Carbonisation of Coal. {Berm Baos.f 


3 !) 
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THE ORIGIN OF COAL 

• 

Whatever may h^ws been the mode of accumulation of coal, and the views of 
opposing theorists' ace not yet fully reconciled, it is at least universally recognised 
that cc*al is of plant origin. Notwithstanding all the internal evidence,in its favour, 
it may nevertheless appear somewhat speculative to the lay mind that the vast' 
deposits of coal should have their origin in vegetable matter and plant life, 
The specific gravity of coal is 4’f the order of 1.2,.so that the volume of coal if 
only about one-tenth tfc one-twelfth of the volume of the original vegetable tissues. 
A seiyjn of coal 10 feet thick ig therefore tho^deposit from vegetation approximately 
120 feet thick. Even when 1m unlimited geological time is assumed for its fbrifiation, 
an accumulation of this depth appears somewhat incredible, and the problem of 
accounting satisfactorily for an occurrence of this nature is profound. ,Evey tiie 
parallel of the deposits possible from the rich tropical growths of the present day 
does not carry with it full conviction. In point of fact, however, the theory of the 
origin of coal should not be considered in the light of present day conditions. It 
must be borne in mind that physiographical conditions were radically different in. 
the days of the luxuriant plant growths of the carbonaceous period to those of 
to-day. Exock6cb of atmospheric carbon-dioxide and water vapour, together with 
the heat from the cooling earth’s crust, stimulated tile growth of vegetable tissues. 
Atmospheric oxygen was just beginning to accumulate ; and decay, which is but 
tig: slow combustion of matter, did not operate as it does to-day. The decay 
which did occur must have been largely at the. expense of tjie oxygen in the vege¬ 
table tissues ; that is to say, checked decay, as it is called, must have been operative. 
The later effects of pressure iff an incalculable amount must be added to the former 
factors. Although these do not prove incontestably that the primeval forests and 
swamps have been transformed into the carboniferous measures, the internal evidence 
of the formation of. coal from vegetable ‘matter is additionally very strong. Tfic 
results of microscopical examination, supported as they are by the impression of 
plant life found in coal, render it difficult to advance sufficiently strong arguments 
to refute this theory. Theft: still remains much, however, thaf is uncertain 
regarding.the easier history of tpal; and' in particular there are two problems 
on which there is not yet a consensus of opinion, viz. 

.***«•.• 

(i) The mode of acAmulatic^n of c^>al. and , 

(ii) The mocly of transitirtpatioij of ti/ vegetable matter into coal. 
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THE MODE OF ACCUMULATION <fr COAL 

Stopes and Wheeler 1 summarise very completely the leading modes of accumu¬ 
lation of coal-forming matter in four groups, viz.:— 

* ft 

(«) In sea water. 

(6) In brackish water. 

(c) In fresh water. 

(d) On land. ( 

There are two methods of accountiJig for the accumulation of our coal deposits 
undfcr the above heads, viz. the in sifti theory and ph* drift theory. In th^ first 
ease ifis'assumcd that the vegetable remains liave not*movcd from their place of 
growth,'and in the second that they have travelled from a distance by estuary 
and river action. The in situ theory is strengthened by the presence of stigmaria 
or fossil roots in the undcrclay tf certain seams; but the drift theory helps to 
account for the very thick coal scums which have been found. The impurities 
found ii^ coal may be divided into two groups, viz, those deposited during the 
.formation of the coal, consisting largely of silica and alumina, and those deposited 
subsequently, chiefly bj percolation through the cleavage planes, c.g. calcium 
carbonate. For a correct study of,the coal at any seam it is obviously of some 
importance thatYhere should 1 be some knowledge of its mode of accumulation ; but 
local experience is required in the majority of cases to decide whether the coal was 
formed of in situ or drift material, or perhaps both. 

THE MUDE OF TRANSFORMATION OF COAL 

The theory of the origin of coal is supported by the occurrence throughout the 
world of carbonaceous material graded in all stages from the plant life of to-day 
to peat, from peat to lignite, from lignite to bituminous coal, and on to anthracitic 
cd&l. The theory hn6 teen advanced that, under the combined influences of 
pressure and temperature, and over vast geological cpoclis, these various gradations 
mark the mode of transformation of the coal of to-day from the vegetable growths 
of pritneval times. While peat, for example, represents a condition of vegetable 
decay, intermediate between vegetablemattef apd the tertiary coals, it^oe^not 
necessarily follow that vegetable matter on decay jiust pass througli the peat 
stage before its metamorphosis into coal* It, may.be, t.Jerefoi^, ?liat,*aB suggested 
by the metamomhic theory, the vegetable fiatterjfirst underwent a rapid change 
due to the bacterial ^decomposition of its iwllulose, anj that a latcr.slow alteration 
due to the combined effect of pressure ami temperature [principally pressure, siiffce 
tlie temperature cannot have approached StRV’ has edmplttedtlie transformation. 
It is obvious that, in the later Btages of tht^eoal-ftqjfljing process at least, the effect 

> Ibid., p. 3!). 



42 # , LOW *TEMPEJl4rUKE ’CARBONISATION 

of temperature can only Tsave been of subsidiary importance, since coal if'readily 
decomposed at relatively low temperatures. The accumulated evidence appears to 
favour the metamorpbic theory. In any case, the estimates made of the times 
taken for the accumulation and deposition«of the original coal-ferming debrip and 
for its transformation into coal must l>e considered highly speculative. * 

* 4 , 

THE DETERMINATION OF,THE CHEMICAL CONSTITUTION OF COAL, 

Coal being composed pf vegetable mattef, it is to be expected that amongst its 
constituent© will be• * 

' (a) {lellulosic or humic derivatives. 

(6) Resinous derivatives, and 
(c) Nitrogenous compounds. 

V 

The reeinic constituents are believed to have a great influence on coke rormSKon. 
There was formerly a disposition to classify the remaining constituents as “ccllulosic,” 
but it has been pointed out that cellulose itself is unstable under the conditions of 
peat formation. The chief differences in the properties of different coals may bo 
said to be due to the varying proportions with which.thusc derivatives are com¬ 
pounded. Three methods of research have becif, employed in determining the 
chemical constitution of coal, viz.' 

(i) The extraction of the constituents by means of solvents. 

, (ii) The action of reagents on the coal substance, and 
(iii) Destructive distillation. , 

The first and most direct method of research lias not yielded much information 
hitherto, apart from the use of alkaline liquids which may fieri Laps act as reagents. 
This is due to the fact that coal is of great insolubility and offers a strong resistance 
to the ordinary solvents. The second and third ,;if the above methods are indireft, 
but nevertheless have proved useful in giving information of great value. 

THE ACTION OF SOLVENTS UPON COAL 

o V 

As already stated, the usefulness of this method of determining' the chemical 
composition of coal is limited by the inertness of the coal substance. There is also 
a suspicion that o.ome of the solvents employed modify very considerably the 
molecular structure 'of \he compounds fi; the coal and act, jndeed, as reagents 
rather than solvents. Thy solvents enljjJoycd' include '■ 

■ (i) Alcohol, ether, chloroform, acetone, aniline' and petroleum. 

(ii) Benzene ■vnii pentane. c 

' (iii) Phenol. . < 

\iv) Pyridine. 
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It is no^ necessary in this volume to study closely the results of the work of various 
experimenters with these sol,vents. It may be said, however, that a useful empirical 
separation of coal into three main groups of compounds hag been effected by the 
use <jf pyridine ahd chloroform, thus '' * 

, • (i) Alpifa ccrfnpounds, insoluble in pyridine. 

(ii) Beta compounds, soluble in pyridine, but iiumiablc in chloroform. 

• (iii) Gamma compounds, soluble in py^liuc, ; 8 .‘f soluble also in chloroform. 

• 

This separation may perhaps be seen more clearly from tlft following :— 

* * 

Bituminous Coal 
treated with pyridine 


_____ * _ 

Alpha Compounds Extract A 

Extract A 

treated with chloroform 



Beta Compounds Gamma Compounds 

(Insoluble) (Extract B) 

The alpha and beta compounds appear to bo of the sSme type, and correspond in 
general characteristics to the derivatives of the celluloses (ligno-cellulosc, etc.) in 
the coal, in contradistinction td the gamma compounds which appear to have 
concentrated in them the resume derivatives. Until the composition of these groups 
erf compounds has been%nore deffliitely *stahlish.ed it is not desirable, however, to 
dogmatist! about the latter classification. Jones and Wheeler 1 have found that 
the alpha and beta compounds yield tm distillation very small percentages of 
liquid products, mainly phenols; while about <10 per cent to 50 per cent of tho 
gamma compounds distil below 400° tin products being paraffins, olefins and 
naphthenes, but no phenols. • , ** ’ 

Stipes and Wheeler* summarise thrte main fon?hisions in rfhci&revilw of the 
experimental resume obtained by eolvetlts 411 groups (i) tfl.(iv), viz. 

( 0 ) Evidence hns Veen obtained of ifie presence in’bituminous coals of small 
quantities (presumably but lit.tl# altered) of Win extractable with ether. 

s * * * * a 

■Jones and Wheeler, “ The Composition of Coal." Smn*. Chcm» A'oj.. lUtii, 107, 131S* * 
•<)cpt. of Sctytific cviij Industrial Bomnih.* MonlgAflt on tkr Constitution ot Coal. Stanen, 
AlarieCt D.St., Ph.D,; Wheeler, K.,V\, D.Se. (H.M. S’.at!o:.orv Office.) 
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(fc) Free hydrocarbons exist in small quantities in many coals. „ 

(c) Whatever be the exact naturo of its action, pyridine affords a means of 
resolving maqy coals in such a manner as to render subsequent chemical 
cxaminationdess difficult. 


Illingworth 1 makes the following generalisations :— 

(i) Anthracitic coals ’are’’ •'hcjactetised by the general absence of beta and 
gamma compounds S’. 

(ii) The properties Zl carbonaceous coals are due to the relatively high contents 
< of alpha compounds compared with gamma compounds and to the absence 

of beta compounds. 

(iii) Bituminous coals in general owe their most striking properties to the 
presence of gamma compounds ; while the beta compounds occur ir the 

c . . 

greatest quantity in coals in which the ,, ratio lies between 14 and 16. 


ACTION OF REAGENTS ON COAL 

» *■ 

Coal may be oxidised quiekly by means of cheqdcal reagents such as sulphuric 
and nitric acids, caustic alkalis, bromine and also o7onc, or mine slowly, as by 
the atmospheric oxygen, in the weathering of coal. It has been found 2 that coal 
boiled with a mixture of potassium chlorate and dilute hydrochloric acid yields 
chlorinated substances of complex composition entirely soluble in alkalies. Further¬ 
more, many coals dissolve almost completely on evaporation with nitric acid. In 
most cases, however, the use.of reagents yields products of great complexity, which 
throw little light on the nature of the original coal substance. Stopes and Wheeler 
thus summarise the position :— 

" Considered .by themselves, the facts elicited from the study of the action 
of reagents on coal are not very informing (we except, of course, the facts relative 
to the formation of ulmic compounds), nor arc the prospects for future work in 
this direction very promising.” 

ULMfNS 
, . t 

The action of pothssLirf hydroxide mii^t he considered separately, as the com¬ 
pounds removed from coal by its means are very important, and L>rm the basis of 
the so-called “ Ulmic Substances.” ‘ < 

The Ulmins may ‘be described as highly complex colloidal jellies which appear 

1 1 Illingworth, S. Roy, 'I The Action of Solvents on Coal.” Fuel in Heienr.e and Pmctict, June, 

1622c * ‘ 

1 Cross and Bevan. “ On l’somlu Cartons.” Phil. Mug., Hr. 5, Vol. 13, pp. 326-S. 
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* * V - " 

after th* decay of the softer portions of plants. The ulmin compounds occur in 
wood decayed by “ wet rot,” to a lesser extent to peat and lignite, but very rarely 
in bituminous coal; they have never been detected in anthrSuite. Thus the content 
of soluble ulmin Compounds diminished as the content of cafbon increases. The 
formation op noyA'ormation of ulmin compounds is indeed generally givfln os a 
* method of dislynguiBhing between a lignite and a bituminous coal. It is found, 
hpwever, that a bituminous coal which hAs beewne oxMised, by weathering, for 
example, contains appreciable quantities of ulmin f^mpwyids, and that the quantity 
increases with the degree of oxidation. The presoncc of uliSiii compounds detracts 
from the coking quality of a coal. A very interesting fSld for research is therefore 
openetfup by a study of the ulmin compounds in carbonaceous material, and further 
information on the constitution of these compounds in coal would be of great value 
in'i^itermyling the constitution of coal. 

ATMOSPHERIC OXYGEN AND COAL 

• 

, The most important reagent in the oxidation of coal is atmospheric oxygen. 
The spontaneous combmftiitn and the weathering of coal, the reduction or prevention 
of which is of so much industrial consequence, are due (o the slow absoiption and 
combination of flic oxygen of the air with the coal even at ordinary temperatures. 
It is not surprising, therefore, that considerable research work should have been 
done on this phenomenon. The weathering of coal results in the deterioration 
of its qualities, particularly as regards calorific value and coking properties. 
The weathering process begins with the absorption of oxygen, which unites 
chemically with the coal substance and generates heat. Should this heat not be 
dissipated, the temperature of the mass of coal slowly rises, due to its poor con¬ 
ductivity of heat, until the point of ignition is reached. The drop in calorific value 
islluo to the oxidation of tho caAon anTl hydrogen in the coql to carbon-dioxide 
Bnd water respectively. Important factors in the spontaneous heating of coal arc 
(a) the freshness of the broken coal surface—for the first few days or weeks the 
freshly broken coal surface is muck more active in ctiSnhining with oxygen than it 
is later; (6) the temperature of the Aal on storage—coal stored durimutho hot 
months, of summer is more liable to spontaneous cpmbustion than coa] stored 
during winter ; and (c) the fineness of tfor coal—■'.lie surface of {he Aal is greatly 
increased as the siw of the individual parities is JimimskeH and there are strong 
grounds for belief tljat tin; spontaneous gating, of cqal is a surfane phenomenon. 

Important researches, in which the results have been directly applied for 
industrial purposes, have been carried put 1>y Sir RicharcfThrdfufl on t he spontaneous 
heating of coal 1 particularly duriug ehipnguit, q1t<J,by Dft Ji S. Haldane on tho 

* 1 Thrclfall, R. 11 Spontaneous Keating ot Cost” Soc. Chtm. Ini. 1900, 28, 759. 
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f \ 1 

spontaneous firing of coal in mines . 1 The former researches were carriejl out in 
connexion with the investigation of the New South Wales Royal Commission 
between 1896 and 19Qf, and the latter by the staff of the Doncaster Coal Owners' 
Research Laboratory. 

The effect of the oxidation of coal on its coking properties will be discussed 
in a later section. 

#, 

THE DESTRUCTIVE DISTILLATION OF COAL 

Our chief knowledge of the cdnstitutioni-of coal has probably been obtained by 
the indirect method of destructive distillation, comparative results being .obtained 
by the subjection of coal-forming materials and typical coals to the same process 
of destructive distillation. It is unnecessary to describe fully all th '6 erfyerimental 
work which has been carried out under this heading, some of which mist b(^dis¬ 
cussed in Chapter VI. The results of some of the researches have, however, some 
bearing upon the chemical constitution of coal, and it is desirable to summarise 
them in so far as they affect this aspect of the problem. 

The following general conclusions of Burgess and Wh/ieW* are largely confirmed 
by the work of Porter and Ovitz , 3 and that of Vignyn 4 :— 

(i) There is for all coals a well-defined decomposition point, at a temperature 
lying between 700° C. and 800° C., which corresponds with a marked 
increase in the quantity of hydrogen evolved. 

(ii) The evolution of hydrocarbon of the paraffin series practically ceases at 
temperatures above 700° C. 

(iii) Ethane, propane, bfltane and higher members of the paraffin series form 
a large percentage of the gases e voided at temperatures below 450° C. 

As a result of these observations, Bu-gesa a,id Whoe'er presumed that coa! is 
composed of two compounds which differ in their tendency to decompose. The 
more unstable yields the paraffin hydrocarbons and no hydrogen ; the more stable 
decomposes rapidly between 700° 0. and 800° C., yielding hydrogen as its chief 
gaseous product. They were further of opinion that the chief diiierences in the 
properties of coals are duf to the proportions in which these compounds are blended. 

(.'lark and Wheeler 5 gavf additional evidence of the existence of thesb com- 
) sounds, and la Wiled tty paraffin-yielding rom pounds “ resinic and the hydrogen- 

* Haldane, J. “ SptmUyieoiip Firiiuj of Or*! in Mine*,” /V*f. / Min. 12ng. t 11117, 53, iiM. 

2 BtirgeaB an<f Wheeler. 41 Tflc Volatile OuiVitueiitH of Coa], ” r™*. Vhtm. She.. 1010, 07, 
1917; 1911, 90. • 

4 Porter anil "(The Wattle Matter olVVw!," Jlullrtin 79, U.S.A. Bureau of Mines. 

4 *Vigtion, L. '‘llistillation fraction t : c do 1., ifouillrt’ 1 (Jam plot /.. ndu r, 1012,159, J 514-1 7. 

2 Clark and Wheeled **Tiie V ulfe IA Con^itucnts of Coal/’ Part HI. Trans. Chtrn. Hoc., 1913. 
103f 1794. 
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yielding»" celluloaie ” (see, however, page 42). Although it may be taken 
aa confirmed that the evolution of hydrogen iilbreases rapidly at a temperature 
between 700° C. and 800° C., it is not yet generally agreed ^iat this phenomenon 
is du$ te the dedbmposition of a constituent of ccal which ft stable up to that 
temperature , 4 « * 

THE LIQUEFACTLpN OF £0AJL 

* Very interesting work on tjiis subject as been doge in Germany, under the 

direction of F. Fischer, at the Coal Research Institute a? Mannheim. Since only 
about 6 per cent of the weight of the original coal is rc^o^red as tar by the ordinary 
gasification processes, attempts hove been made to obfain liquid fuel from solid 
fuel by Aeans other than carbonisation. The action of ozone has been investigated, 
anti other jnocesses in relation to the oxidation and hydrogenation of coal under 
pressure. Research with ozone*has been discontinued, partly because of the 
expense, and partly because the same results may be obtained by pressure-oxidation 
methods. In the latter, finely ground coal is mixed with a solution of sodium 
garbonate, after which it is treated with compressed air in steel containers at a 
temperature of 170° C. to*200° C. When subjected to this process, coal yields 
about 40 per cent of soluble otgank 1 compounds. The properties of these com¬ 
pounds have not*as yet been‘closely determined. In the hydrogenation system of 
Bergius the coal is treated with hydrogen at about 400° C. under a pressure of 
150 atmospheres in special steel cylinders. It is stated that about 80 per cent tg 
90 per cent of the original dry weight of certain coals has been in this way turned 
into an oil which shows the characteristics partly of phenolic and partly of the 
petroleum hydrocarbons. • 

As a result of their experimental investigations, Fischer and Schrader 1 consider 

that the main classes of compounds that have produced coal arc 

• * • • 

(а) Cellulose, which is, however, destroyed during bacterial fermentation. 

(б) Lignin,* which becomes ulmirm, and 
(c) Resin, which becomes “ bitumen,” 

9 • 

They contend tftat the greater propfflrtfon (if nftt all) of t he cellulose dieajjgeaij in 
the course of coal-formation through bacterial "action, ami that coal is composed 
chiefly .of the ulmins produced by the tfai is formation yf lignonfl! tlmugli 'it may 
also be derived in part from the eonccntWfd resits of thS^plants. According to 
this theory, whiefi is not fully established# bituminous cpal must ^e regarded as 
consisting mainly of $>) aTid (c) alfhve. It should be noted that Fischer and SchradSr 
differ from Wheeler in believing that tbt ulmic portion of»cufcf«*s derived sjkly 

’ Fischer and Schrader. “Origmaiid Chemical Struotm/qf Coal." Vuid in Scitttet and Practice, 
July, 19f2. 04 * * « • 

• * It ia perhaps prefer* bio to uae tifc term lignone, end term ie used hereafter in Ibis volume. 
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from lignone (the lignone portion of ligno-ccllulose), and not from the celluloses, 
and would prefer in Wheeler's waitings to substitute the words lignone derivatives 
for cellulosic derivatites. 

THE MICROSCOPICAL EXAMINATION OP COAL- 

This consideration of the constitution of coal would bo incomplete without some 
reference to the contribution afforded b_,_ macroscopical and microscopical evidence. 
One of the most intflresAhig dd/clopmcnta of recent years is the description Ity 
Dr. Marie Stopcs of the {out visible ingredients hi banded* bituminous coal. She 
points out that four distinctive and visibly differing portions ato recognisable in 
the mass of a bituminous coal, and that these four portions “ react so differently 
to certain simple chemical materials as to indicate that their chemical molecules 
should bo substantially different from each oth*r.” To these she has given the 
following names:— 

Fusain, equivalent to the so-called “ mother of coal.” 

Durain, equivalent to tlie “ dull ” coal of various authors, 

Clarain, and 1 

Vi train. 

The two latter have been referred to indiscriminately by different authors as 
‘‘bright coal.” 

* Considerable experience is, of course, necessary before some of the constituents 
present in a block of coal<ean be identified with certainty.* They occur frequently 
in thin bands, and tend in pertain eases to merge ore into the other, c.g. it is some¬ 
times difficult to distinguish, without the help -of the microscope, between clarain 
and alternate thin bands of durain and vitro in. Slopes, 1 indeed, insists upon the 
fact that these portions—except possibly villain—arc .neither homogeneous , t uor 
chemical molecular units, and tliaj; clarain may eventually prove to lie vitrain which 
contains plant remains. Mr. ,T. Lomax has done much work with the object of 
correlating the known general properties of the constituents with the commercial 
proj>crties of typical eoals. An inlf-rostingi (Inscription cf the methods employed by 
Mr. Loma’i for‘observafions anii searches on the microstructuro of coal is given 
in FutA in fifitnwc and Pm& icc^May, lfl22, s 

Fwtain, accordihjo/o fe topes, occurs ‘as wedges roughly parallel to the bedding 
piano. It is very powdery, a rill, according to Sinus tt, 3 contributes greatly to the 

. * * * 

1 Stones, Marie £4 “On tliotfour ViaiWc Tarred itu it* in Banded Bitnminoun Coal. 1 * Prtir, Roy, 

So* B. t 90. 1919. - * \ f 

* Lomax, J. “The Preparation of Transparent Htctiona of (!oal,“ Fuel »» Sc tenet, and Practice, 
Hjy. 1922. 

2 Sinnatt, F. S)„ and Slater. *' Propagation of a Zone of Comtu/ion in Powdered Coal.’ Fuel in 

Science and Practice, Aug., 1923. r 2 
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dust whiqh is so dangerous a factor in certain mines. The layers in which it occurs 
arc utilised as lines of weakness by the miner in getting the cf^al. Examined micro- 
scopically in thin sections it is opaque and black, and ofterf shows the vascular 
structure of the wood. In the coking test the residue appears as a non-coherent 
powder, in jonsaqtience dust from coal wasberies may not possess a high coking 
power, despite the properties of the coal. 

4 Dura in, or spore coal, often referred to i-’s du04oa), is hard and dull in appear¬ 
ance. It does not usually present a large surface of contact to .adjacent constituents 
of other type*. According to Stopes, the purest durayi tends to have ravelled 
edges*’ When examined in thin sections, it is seen to contain a large number of 

« 

VITRA1N 

* 


CLARAIN 


DURAIN • ;.*. 

• » | | f 4 4 4 4 | » » k • * t 

FUSAIN 

]<'in. 2.—CouvENTLOSAL Notation rojt Counsmo Diagram. 

maerospoxes and microspores on a background of opaque granules. Sinnatt states 
that in certain special coals durain i| practically representative of the whole of the 
sean • although in many Citses it does not preponderate, Lessing 1 finds that on 
coking, durain undergoes practically no change in form, and that in general it must 
be regarded as almost devoid of coking value. 

Clnr»m lias well-marked glassy appearance with a distinctly laminated 
structure. Microscopically, it has a cleaTappearaiu u, though heteregenwuB 'when 
compared with durain, and presents bands of leaf cuti^e, ‘stem tis^ueg and’resin 
bodies which arc translucent with some spore exines". It is eaoetially rich in plant 
remains, and on colfir^ presents well-marked inhering properties. 

Vitrain occuts in bands up to^some halWnch in thickness, is usilally shatply. 
defined, and is quite distinct from the neighbouring layers of oTher constituent^ 
It does not present any structure, and tci.ds to break in conchoidal forhi. 

V m 

1 Lew mg, R. “Th* Behavitnr of the Constituenta ofAanded Bituminous Coal on Coking '* 
7W Chem. Soc., 117,1920. / . ^ 
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Microscopically it is translucent with a uniform texture, and in colour a pale 
gold to red-brown, according to fno thickness of the Reotion. Stopca likens it to a 
hardened glue or jelly. Lessing has shown that vitrain is comparatively highly 
coking. t ,• / 

Although some use has been made of the microscopical examination 'of coals for 
certain commercial purposes, it cannot be said that up to the present there is any 
very definite correlation of thi const'tution of a seam to the use for which the 
coal may be suitable. A'kivc work is, however, proceeding in this direction. Sinmftt 1 
lias recently plotted very carefully the vertical section of several seams, and has 
prepared a diagram showing the coursing of the four constituents in the Arley coal, 
which is reproduced with his permh.aion in Fig. 1. It should be stated that, in this 
figure, the conventions given in Fig. 2 have been adopted by Sinnntt. to indicate 
the four ingredients. It was at first thought that, they could be indicated Most 
conveniently on a drawing by giving them different colours, but this method has 
been rejected except for exhibition purposes. 

TABLE IV 


Percentages of Four Visible Ingredients in Certain Seams 


Name oi Seam. 

i 

Vitrain. 

Clarain. 

Durajp. 

Fmftin. 

Foreign 

Matter. 

Arley 

14 G 

65*9 

18*1 

1*4 

.— 

Wigan 5 ft. 

9-8 

53*1 

35*2 

1*9 

— 

Trencherbone . 

' 70 

700 

21*2 

1*8 

— 

„ Tops . 

7*2 

55*8 ‘ 

35*5 

1*5 

— 

,, Bottoms 

68 

85*6 

5-6 

2*0 

-— 

Wigan 4 ft. 

25*1 

51*9 

20;2 

i-0 

1*8 

Arley 

21*8 

65*4 

12*8 

0*5 

— 

Queen Mine 

1*3 

96*7 

Nil. 

Nil. 

— 

Bickcmhaw Yard 

. Nil. 

Nil. 

100 

Nil. 

1 , 


Tlie percentages of the four ingredients in Arley coal and other KenmB are given 
in Table IV. Specimens of the ingredients were separated from four of the seams, 
and^the results of the, analysis of the material are given in Table V. The analysis 
'of each ingredient in the ^hick Scam, Hamster i Colliery, is given in Tablo VI. 

1 . * t ’ < 

1 Slnnatt, F, S. "A Method of reprw nting theAtruofurc o< Coal Seam*.” Manch, Ocot. ami Min. 
Soc.. June. 1924 ' * ‘ 
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TABLE V 

Analyses of each Ingredient in Certain !&ams 


Arley Mine 


-1— 2 --- 

Moisture. 

Ash. 

Volatilo* 

; Matter. 

Volatile 
Matter leaa 
Moir'-re. 

Ooke, 

Filed 

Carbon. 

• 

Vitrain ... 

• 0/ 

7o 

M5 

0 / 

/O 

0*87 

0/ ' 

/o 

33-9 

C) 

. A) 

32*75 

0/ 

/o 

G6*l 

% 

65-24 

Clajain 

HH 

1-15 

330 

31*90 1 

67-0 

65-85 

Durbin ■■- . 

ion 

2-6(1 

30 4 

29-34 

69-6 

67-1 

Fusaiu . . | 

1-40 

• 4-72 

13-2 

11-8 

86-8 

82-08 


Trencherrone 


Vitrain . 

1-17 

1 -64 

j 41-2 

39-73 

58-8 

50-24 

Clarain , 

I -35 

2-17 

! 44-1 

42-75 

. 55-9 

53-73 

Durain . 

I«31 

1-47 

\Vlt?AN ■ 

I 35-9 

5 Ft. 

33-5(5 

I 64-1 

62-64 

Vitrain . . . ! 

7-0 

1-92 

39-9 

32 9 

60-1 

58-18 

Clarain . 

5-92 

2-79 

39-8 

33-88 

60-2 

57-41 

Durain . . . ! 

j 3-58 

4-65 

Wigan 

37-9 

Yard 

34-32 

02-1 

57-45 

Vitrain . 

| 3-4 

6-82 

37-4 

3->0 

| 62-6 

61-78 

Clarain . 

! 3-2 , 

S- 2 fr 

41-4 

38-2 

: 58-6 

55-34 

Durain . 

2-1 

12-90 

28-8 

26-7 

71-2 

58-30 

Fusa-H . 

i ]-; 

S-'JO 

♦ 23-7 

_ 

22-0 

76-3 

70-40 


TAJtLB VI . 

Analysis jof each Ingredient in Thick Seam, Hamaitead (Jolliery* 




• 

• 

Volodlc Matter in 


MoistuVe. 

Ash.* * 

Ash-Tree dry Coal. 

Vitrain 

126 “ 

’ 1-2 

38-6 

Clarain 

10-2 * 

• 145 1 

40-8 

Durain 

6-5* 

3V- 

* 39-4 

Fusian 

. , 3-9 

100 

v ’ 22-6 


* • , | 

1 Tideswell, F.V., aricl Wheeicr, R.V. "A C!hemioal°lnvo,'ligation of Banded Biluminoua Conic" 1 ** 
TVoitj Ckctn. Sot-., 191!), US, 630. • » 
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It must be admitted, however, that up to the present the microacopp has been 
useful for comparative purpose* only, Further work is needed before it will bo 
possible to show jleffcutely that, if the constituents are present in a certain proportion, 
the coal will be useful lor any specific purpose. Typical sampled of coal^nityi have 
proved satisfactory, and of others which have not proved Ec^isfi^tory, may be 
examined, aud it may be found that coals with a similar appearance under the 
microscope behave similarly iS practice. For commercial purposes, such as tfce 
selection of coal for p definite contract, the microscope may usefully be employed 
in eliminating unsuitably types*; but with the present knowledge the final selection 
should preferably not bo shade until a trial under working conditions hah been 
carried out. 
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THE CLASSIFICATION AND TESTING OF COAL 

THE CLASSIFICATION OF COAL * . 

It is very difficult to classify the different varieties of carboniferous de; osits 
as they exist to-day. Several methods have been suggested, but it cannot be said 
tjiat any one is entirely satisfactory. Thus the ^assification may be made from 
the point of view of the geological age, the coking proper* W, the commercial appli¬ 
cation, the chemical composition, etc.; but as the fharaete istics in any one group 
tend to merge into those of another, the various tehemes of classification are 
convenient rather than scientific. Six grades may be distinguished, viz. 

( 1 ) Peat. 

(2) Lignites or Brown Coals. 

(3) Cannel Coals. 

(4) Torbanites, 

(5) Bituminous Coals. 

,(fi) Anthracites. 

The difference in the chemical composition of carbonaceous materials is exemplified 
by the average figures given in the following table by Butterfield:— 

TABLE VII 


Chemical Composition of Caruonaceods Materials 



Carbon. 1 

i 

\ Hydrogen. 

$ . 1 

| Oxygen. 

Nitrogen. 

Sulphur. 

Ash. 

Cellulose 

414 

6-2 

! ! 

i 49*1 ! 




Dry Wood (average) 

i. 48-5 

• 60 * 

■13-5 

0-5 

.... 

1-5 

Dry Peat 

; 58-0 

6-3 

. 3(1-8 ! 

0-2 

' trace 

4.0 

Lignite . . . i 

07(1 

54 

10-5 

14 

I II * 

6'3 

Coal .... 

77 0 

j 5-tl ' 

7-0 

1-5 

Hi 

80 

Anthracite . *. 

! km 

1 

2-5 

1 * 

.2-5 

0-5 

0-5 

4'0 


- * 

It will be noted that the principal difference from eellujoi^ Jo artlnacne are in the 
gradual and almost tutal elimination ol oxygen..—and Jo a small w extent of hydrogen 
also—and the corresponding increase in thewrarbon content 

GRUNER’S f|L/isKTCATIpN 

It is not necessary to give in detail the'Var'.Tua^ classification s'of coal wjjjsl-* 
have been advanced. One of the earliest, first syggeste^ by Re gun u It and slightly 

• 63 
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modified by Griiner, ban been widely adopted on the Continent, and ib given in 
Table VIII. This o'asBification ia based on dry coals which are ash-free and 
sulphur-free. > ^ 

TABLE Viri 


Gsuker’s Classification of Coal 



V5ompoBition per cent. 

Specific 

— n* 

Cl&afc 

\i 



Nature of Coke. 

< 

Garbotf. 

k 

Hydrogen. 

Oxygen. 

Gravity. 


(1) Dry coals 
long flame 

75-80 

5-5-4.5 

19-5-15-0 

1-25 

Powdery,or'slightly 
fritted. 

(2) Fat coals 
long flame 

1 80-85 

5-8-5-0 

14-2-10-1) 

1-28 1-30 

Caked, but porous. 

(3) Fat coals 

; 84-80 

5-0-5-5 

U-0-5-5 

1-30 

Caked and fairly 
compact. 

(4) Fat coals 
short flame 

88-91 

4-5-5-5 

0-5-5-5 

1-30-1-35 

Compact. 

(5) Lean coals 
anthracite 

90-93 

1 

| 

4-5-4-0 

■5-5-3-0 

1-35-1-40 

Lightly fritted or 
powdery. 


SEYLER’S CLASSIFICATION 

One of the best methods so far suggested fo r the purpose of the scientific classifi¬ 
cation of coal is that put forward by Mr. C. A. Scyler. 1 As tbc result of a detailed 
study of the coals of South Wales, which range ; n many varieties between bituminous 
and anthracitic coal, coals are divided according to their hydrogen content into 
five principal groups, each of which is further subdivided into other classes according 
to the carbon content. The chief classes of each group are shown in Table IX. 
This classification has been used by Drs Strahan and Pollard/ of the Geological 
Survey 01 England and Wales, in their publication upon the coab of .South Wales. 
‘ . , ' , ' 

1 Soyler.C. A. “ Tbe/'WmicalClsaaificatioaoJCoal.'’ Prot.fi. Wales Inrt, h'ltg., ilKX). 21,483-526. 

* Strahan find P«*‘ .rd. “The,I.Io»!s o’ South Wales, with special reference to the Origin and 
Distribution of Anthracite." Ed. 2, Meat. Urol. Snri-ey, £np. and Wales, i,, 91. (U.M. Stationery 
. Offlotf.) 
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4‘ *+ 

U.S.A. GEOLOGICAL SURVEY CLASSIFICATION 

The United States Geological Survey* has adopted a classification somewhat 
similar to that proposed by Mr. Seyler, the basis being the ratio of tip* carbon - 
hydrogen content. This classification is given in Table X. i 

t i 

V TABLE X 


f 1 t 

U.S.A. Geological Survey Classification of Coal 

_ v « >- . 


Group. 

4 , 

4 Deacrif .ion. 

Ratio: GH. 

A 

c; 

Graphite 

Anthracite 

“ to (?) 

/ (?) to 30 (?) 

1 (?) 30 to 26 (?) 

D 

Semi-anthracitic 

(?) 26 to 23 (?) 

£ 

Semi-bituminous 

(?) 23 to 20 

F \ 


/ 20 to 17 

G 

II 

Bituminous 

| 17 tA J4-4 

1*14-4 to 12-5 

I ) 


\ 12*5 to 11-2 « 

J 

K 

Lignitio 

Peat 

11-2 to 9-3 (?) 

(V, 9-3 to (?) 

L 

Wood 

7-2 

f 


fARR’S CLASSIFICATION 


A new classification of coal has been proposed by Mr. S. W, Parr, 2 of the 
University of Illinois, at the recent Aiimial Congress ef the American C'hciTdcal 
Society. T^is classification is based upon the heating value per lb. of coal substance 
and the percentage of volatile matter contained in the coal. The unit heat valuo 
of the coal substance is determined from the formula :— 


.. Total B.Th.U.'—obOO S 

. ' , ^-(T'OSA-O^SS) ” 

where S = percenlGge/ish sulphur, 
and A = percental of ash.* 


r This formula gives a’true, heat'value "for the cod substance itself without regard 
to,the percentage consent «f the ash or mlphur of the coal. 

This classification tyould groyp American* coals as shown in Table XI. 

___ i * i ■ i * 

'^U.S.A. Geological Survey : Professional Paper Mo. 48. Rcpoi* on Coaf Testing Plant, iT, 1906* 
5 Parr, 9. W. ‘ 'The Classification of ^oal.^ Joitrn. of 2nd. and Eng. CkiPi., 1922,14, 919. '• 
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TABLE XI 


PaKR’s CLASSIFICATION OF COAL • , 


- (Saw. 

Cellulose and Wood 

2. Peat. 

3. Brown Lignite 

4. Black Lignite . 

5. Sub-bituminous 

6 . Western Bituminous. (American) 

7. Eastern Bituminous. ( „ ) 

.8. Anthracite .... 


Heating Value per lb. 
at Coat Substance. 

4 . 7500- 8500 

* 7800-11500 

, 11500-12500 
. 18500-13500 
.. 13500-14000 
. 14000-15000 
. 15000-16000 
. 15500-16000 


In conclusion, it should be adJed that, although each of the above classifications 
has doubtless its utility, it cannot yet be said that any classification has been 
evolved yhich enables the practical engineer to say definitely that coal of any 
jiarticular type can he most economically applied for a particular purpose. 

FURTHER CLASSIFICATIONS OF COAL FROM A 
CARBONISING STANDPOINT 


Attempts have been made from time to time by various investigators of coking 
problems to take advantage of some of the information which has been obtained on 
the constitution of coal. * In one interesting series of patent specifications 1 Illingworth 
describes how by subjecting coal to pre heat treatment he is able to decompose 
some of the constituents which hare already been referred to, and so to modify the 
raw material by adjusting the undecomposed portions to correspond to the 
proportions of similar constituents, in a *oal known to give the final product, 
desired. Thus, in specification 164,104 (1021), referring to the production of 
metallurgical coke, he classifies coals as follows" 


Ty«e I. which the humic, cellulosic and resiiTic substances decompose at 
or below 300' C. ' * „ 

„ II * Decomposition at or below 350 ’. C. 

„ III. Decomposition at or below 400° Cl 

„ IV. Decomposition at or below 450° C'.. 


Illingworth goes on to statefthat the Best types of coking coal and’aldb gt»: 

coals contain certain amounts of Types JI, HI end IV, but tii^t the contented 

Type II is greater in a gas coal than in a good colling coal. Ho further states that 

/ ’ 1 * -»-«■***• 
. 1 Hlingwortb, S, hoy. ftfi, Spce. No. 144,104 (1921), 170,838 (1923), 180,085 (1922), nrt,32S 
(1322) 
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the more volatile gas Orals contain*conEiderabIe quantities of Type I. In*hia own 
wordfl : “ If, therefore, gas coale are heated out of contact with air to 350° C., coals 
of the TypcB I and if may be eliminated, leaving a residue containing Typ*» III 
and III, such residue being suitable for coke production.” « / * 

In a similar way Illingworth describes in later patents the rtanrifrr in which 
the properties of a coal which gavaa soft semi-coke on direct carbonisation at 600° C. 
could be modified by product treatment so as to form a dense, hard, smokeless fuel 
at 480° C. containing stfnje 10-3 per cent of volatile matter. 

Inrthc Report of the Fffel Research Boarfc, 1 coals for the 'purposes of carbonisa¬ 
tion are classed under two heads :— , 4 

(а) Those in which the resulting coke occupies a greater volqme than thh 

original coal, and 

(б) Those in which it occupies a smaller volume. ' 

For the present, and until our knowledge of the constituents of coal is greatly 
increased, this latter classification appears to meet all the requirement# of low 
temperature carbonisation practice. By mixing the two types in correct proportions* 
a coke can be produced which meets all the requirements o! strength and robustness 
to withstand the rough handling of transport amf distribution. The proportions 
can be determined in a few hours by the method of low temperature assay which 
is briefly described on page 60. , 

TESTS ON COAL 

Various test® arc made on coals in order to obtain information upon their quality 
and to determine their suitability for various commercial purposes. Useful though 
this information may be, it is by no means a fconflusive indication of the properties 
of the coal under test. Coal is a heterogeneous mixture of compounds with widely 
differing physical and chemical features, ahd it is*not to b* expected that the-ioKdts 
of any simple test will reveal all the important characteristics of the coal. Indeed, 
any advance in the study of the potential behaviour of coal must he slow so long 
as coal is treated as a unit compound and not as a mixture of substances. In 
deffiw'Wof any mpro suitable tcst,^t has beet tlte practice to correlate the properties 

of coal fvith the results <r( the following tests amongst others :— * 

.• «■ * 

(i) Proximate dlialjieif?, i.e. the determination of the percentage by weight of 
the moisture^Volatile mr.tter, ' fixed ” carbon and ashf , 

, (irj Ultimate analysis, i.’e. the detrtmination t of the {percentage by weight of 
the element^, carboy* hydrogen, oxygen, nitrogen and sulphur. 

(iSi) Estimation of the calorific value. , 
in i/H Determination of the "trolling (caking) index. 

^ , « * t 

1 Fuel Research Board: Report (or the Years 1920,1921; Second Section i " Low Tempera tore 
CarboniBAtioiL” (H.M. Stationery Office*' • 
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The ^reat difficulty in making estimates from the resume oi these tests is that 
the analytical processes themselves affect the coal, particularly in the determination 
of moisture and^the volatile constituents. A certain amouflt of occluded gas, for 
exrfmplt* may obtained. The occluded gases may be detennined by pumping * 
, off the ga^ Liberated or by collecting the gas given off in a vacuum, either at 
ordinary temperatures or 100 g C. It is found that nitrogen and oxygen generally^ 
k «come off first, followed more slowly by c3rboD dioxide and methane, but at ordinary 
temperatures such experiments will last for many days. « 

ft is not necessary^o describe the Methods whhre^y idfese various determii^itions 
may be jpade, which must for the above reasons be conffidercd largely conventional. 
Those ^employed in industrial laboratories may differ from those essential for 
scientific‘investigation, in which a greater degree of accuracy, and consequently 

m ■ 

TABLE xrr 


Typical Differences between Proximate Analyses on Moisture-Free 
and AsiyFRE?. Bases 


« 

« 


a 

1 

S 

# 


Moisture-Free, 

Mo)Bturo-Fie6 and 
Ash-Free. 


A 

B 

, C 

D 

A 

B 

C 

l) 

A 

B 

C 

D 

iloisturc 

7-20 

3-50 

6-37 

4-8-1 


__ 

__ 

_ : 

— 

__ 


_ 

Volatile Matter 

32-15 

•33-17 

33-10 

30-26 

31-61 

31-63 

35-07 

31-80 

39-01 

36-62 

37-25 

35-0 

Carbon 

50-25 

57-03 

56-26 

56-19 

54-15 

6003 

60-09 

59-01 

60-99 

03-38 

62-75 

64-9 

Ash . 

10-10 

5-10 

3-9J 

3-71 

11-21 

5-29 

"•21 

9-16 


— 

— 



more complicated apparatus and processes, may be necessary. ■ In passing it should 
bo pointed out that it iB of the utmost importance that the small quantity of coal 
used in the tests should have so far as possible the average quality of the hulk of 
coal fender cxajoinatioD. The sampling of the coal, f.c. the selection of the small 
quantity of coal used in the teste, Bhoutd thereto* be effected in iwtor.'lardTBwmer, 
which also^ieed not be described in this volume. 

It will bo noted that, in the proximate analysis ot oo%!, tHe percentage content 
of moisture, volatile matter, “fixed” carbiVn and«ash are stated. In order to give 
the full data, the moisjure content should*be determined^— 

(а) On freshly joined coal. * 

(б) On air-dried coal afjor«cruflhipg. 

The ^sh may bed-rpressed oijher us the percentage content of original in«gafl!f" 
(natter in the coal or as the residue left aftor complete combustion, There is a 
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low Temperature carbonisation 

great diligence between these two it suits, and the second is that generally stated. 
Since the qualities of tke two coals whose proximate analyses are known may be 
masked by the percentage content of moisture and ash, the proximate analysis is 
sometimes given in terms of moisture-free and ash-free coal, typical diflererices 
arising in this way are shown in Table XII. ' *>- 

It may be added that it* doeB not necessarily follow that the higher the coking 
index of a coal, the denser and hYrder will be the product of carbonisation. On 
the contrary, the density^ 'toughness and crushing strength of cokes can often he 
increased by an addition Of imjrt tnatter. This point will bo discussed later. , 

LOW TEMPERATURE ASSAY * ,■ 

Until comparatively recently the development <Jf a process for the carbonisation 
of coal at low temperatures has been greatly hampered by lack of knowledge oi 
the quantity and quality of the resulting liquids and gases when carbonaceous 
materials are heated to different temperatures for definite periods. The ordinary 
laboratory methods of testing supply no diri't information on these points, nor on 
the equally important questions of the rate of evolution of the gases, nor the effect 
of the temperature and the time of carbonisation on the quality l>f the resultant 
coke. The low 7 temperature assay of Gray and Kin^ 1 provides a method which 
affords accurate information upon these points, and their apparatus is gradually 
being recognised as an essential adjunct to the equipment of those interested in 
tire development of practical methods of low temperature carbonisation. Their 
apparatus, which was worked out at H.M. Fuel Research Station, is based on a 
method w T hich had been used for many years in the Scottish shale oil industry, and 
consists of a glass or silica tube about 2 cm. in diameter and 30 cm. in length, 
closed at one end. .At a distance of about 2 cm. from the open end a sim;nJtc, 
1 cm. in diameter, is provided, which acts as an offtake pipe leading the gases into 
3 condensing and scrubbing system. 

The complete lay-out of* the laboratory assay apparatus is shown iu Fig. 3. 
B is thAsilicfijie^irt heated in thqfilrnace A. The tube C acts as a condenser and 
is provided with an extension piece,for the reception of the liquid products. The 
tube D is filleS witlvglajjPi treads “drenched with sulphuric acid for the absorption 
of ammonia. The gqf» is collected either over a mixture of glycerine and water, 
a solution of magnesium ehlotide in water, or water saturated with the gas obtained 
in a previous experiment. A constant pressure in the gah holder is maintained 
4 by The ingenious apparatus sKown at G, H*J, K. The gas entering the gas holder E 

•* Euel Reacurch* Board, Tech, f’aper No. I : “ The Afla&y of Coal for Ctyboriaation Purpose* : 
a new Laboratory Method. 1 ’ Thos. Gray, lLSc.» Fh.D., and «$ta» (?, King, F.l.C,, A.E.T.C, *(11.3^ 
Stationery Office,) ‘ u » 
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displaces liquid which flows into G through a piece of india-rubber tubing The 
overflow from G pauses into the reservoir in which floats a counterpoise J. 

J and Q are connected by a cord passing over the two pqjleyu shown. Thus, su 
th$ level in K rises, the receptacle G is lowered ; and if E and*K have equal cross- 
sectiomJl ajeas,Constant pressure is automatically maintained in the gas hrider E. 
% an adjustment of the position of G at the beginning of the experiment any 
desired difference of level may he steadily maintained throughout the test. 

Tile furnace A may be either gas fired or cloCTricalljtSeated, and heats uniformly 





t'UC 3.—noWTmil'KKAWUK Ashai Apparatus 
(1'ucl ]?rscarth BoFtid). 


at least ti inches of the tube B. The temperature is under control, and may be 
observed fromiime to time by means of a thermoeoifylc in which the hot junction 
is in contact with the middle of tile rftort tube* aB shown in th^jjjjjgram*-• 

This apparatus is now obtainable from at .least two t>f the wcll-knowi firms of 
apparatus manufacturers, and has been rccommtndcu {% th* us**f analysts and 
others by the Sailing and Analysis Committee *>f tho Fut^Research Board. 1 It 
meets the long-felt want of apparatus by which* within a few hours accurate 
information may be obtained of the quality of a c&l for canonisation purposes, 
and from which the most desirablq treatment for^iny coSl or blend of coals*can, 

* Fuel Re*earct^to»rd. Pbysicul mid Chemical Survey of tho National Waal Resources, Nlv . 
Jutenm Report on Methode nf Anal.?™ of Coal. (H.M. Stationery Office.) m 
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r • * 

be deduced with the full confidence that, within certain limit*, the result* c^fl also 
be obtained on a working Beale. Fot a full defcription of tie method of operation 
and of typical results obtained by the apparatus, referenc/should bo made to the 
pamjfclet already quoted. • « 

* * • 

CORRELATION OF ASSAY AND FULL-SCALE RESULTS 

• » 

, Further work on the correlation of the laborajpry assay with the results obtained 
in retort* built upon a working scale is discussed in the Ifcport of the Fuel Research 
Board foT the years 1920-21, second yection. 1 Table ^it gives a comparison of 
yields obtained in tho low temperature assay and horizontal retorts expresSed as 
weights per ton of dry coal carbonised. It will be seen that, in the cases of coke, 
liquor,*ai%moiiium sulphate and gas, the mean ratio is in the neighbourhood of 
unity; but that, in the horizontal retorts used at H.M. Fuel Research Station, the 
oil yield only averaged 00 per cent of that obtainable from the assay. It is, of 
course, not impossible that this ratio could he raised by modifications in this par¬ 
ticular plant. There is undoubted evidence of cracking taking place, due to the fact 
•that the vapour remains {or some consumable time exposed to radiant beat, as well 
as being in contact with ffeated*niTfac(ff While some improvement is possible, the low 
ratio of tar yiejd is typical of Ahe tosses which usually occur in a full-scale plant. 
This emphasises the necessity of a reliable conversion factor between the results 
of laboratory testing and tl*)8o obtained in large-scale operations, and sbowa the 
danger of accepting the estimates of the yields of the highly priced products «f 
carbonisation which aw based solely on the results of ordinary laboratory testing, 

’ Fuel Research Bonn!. Report fertile. years 1B211,1OT1; Second Section: " Low Temperature 
Carbonisation. 11 (H.M. Stetionciy Office.) 



^CHAPTER VI 

^OTES ON THfe CHEMISTRY OF CARBONISATION 
‘ F RODUCTS 

INTRODUCTORY 

. * 

B” the distillation ol coal a large number of chemical compounds krobtaTned 

in the gas, liquor and tar; some three or four hundred substance, have been, 
identified in the products di high temperature coal distillation, and doubtless many 
of these are to be found in the tnr\ etc,, resulting from low temperature distillation', *' 
These substances, which do not occur as such in the coal, are formed either by the 
thermal decomposition ofVhe qoa! substance {primary products), or by decomposition 
of the primary products, 5r by chemical interaction of the primary products with 
one another in the presence of incandescent coke. The aubstanccs formed fcom the 
primary products may be called secondary products. It is not possible' in such a 
work as this to give a detailed account of the chemistry of the individut^ substances 
which have been identified among the products of low temperature coal distillation ; 
for such an account reference must be made to the standard works on organic 
chemistry. In what follows it is assumed that the reader has a knowledge of the 
outlines of that science. - 

In this section it is proposed to give clasBVj.cd statements of those bodies which 
are indicated in the literature as having been identified, together with a few explana¬ 
tory notes. It must be remembered that much of the work upon low temperature 
carbonisation tare is of very recent date, and, consequently, the results in some 
cases are still undcT discussion and may be subject to revision. Further, the lists 
given here by no means represent all the compounds present in low temperature 
tare ; much investigation remains to be done, and it is to be expected that their 
number will steadily increase. Finally, frorti the complex mixtures encountered 
in these tare, composed as they are of^ many substances chemically akin to each 
other, it is very frequently a matter of extreme ditdculty tv separate pure suiowitices. 
Progress towards a full knowledge of the constituents of low temperature tars is 
and will be, of necessity, slow. 

CLASSIFICATION OF THE PRODUOTC OF LOW TEMPERATURE 
**“’• . 'DISTILLATION 

According ’to the elejpfffte they contain, the products of low temperature coal 
distillation may conveniently bq classified as follows :— 

As Kydroearboxa. t ( 

t ' B. (^impounds containing oxygen. 

V. Compounds containing sulphur. 

, [ t). Compounds containing chlorine. 

E. Compounds containing nitrogen. 

‘ ,« * 64 
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y 

some oases these main groupB are capable of ubdivision, /,» we shall see/Ater in 
a ling with them in the above order. 


• A HYDROCARBONS 

V * 

The hydrocarbons may be subdivided into the paraffins, ethyleneB, cycle-* 
raffias, acetylenes and benzenes ; not included, m these groups are a number of 
her hydrocarbons to which reference will be made. t 


1. Paraffins 


• The following list gives the paraffin hydrocarbons which have been identified in 
w temperature coal distillation products :— 

Paraffin Hydrocarbons. 


Frequently ' .entioned in the literature of the subject. 

f 

■ Parr and Olin, “ The Coking of Coal at Low Tem¬ 
perature" Bulletin 79, Eng. Expt. Stat., Univ. of 
Illinois. 

I Schiitz, Buachmann and Wisscbach, “ Low Tem¬ 
perature Coal Tar and the Products of its Over¬ 
heating.” Bt.r,, 1923, So, 1091. 

/ Schtitz, Busehmann and Wissebach, “ Low Tem- 
pemture C'fal Tar and the Products of its Over- 
*1 heating." Bcr., ;923, 56, 1091.' 

I Parr and Olin, and Schiitz, Buschmanu and Wtose- 
\ hach, loc. e*t. • 

Schtitz, Busehmann and Wissebach, he, cU. " 


Schjjtz, Buschmanu-and Wissebach, he. at. 

Fischer and Gluud. Bcr* 1919, 5<3 lC 10b3. 

Fischer and trluud. Be?., 1919, 52, 1053. 

r>‘ rr r>^ xn no> f Fromm and Eckard, * LiAiite Low Tem- 
C ls H, a (M. Ptt 47-7 ) { pcratuio Tv „ Bcf i 1923j 66 _ 


Methane 

CH, 

Ethanfi 

C.H, 

Propane 

C,H» 

Butanes 

0.U,, 

n-Pentane 

C t H u 

V 

M^tbyl^utanc 

C 5 H 1S 

Jt-llexane 

C.H W 

V 

Methylpentane C,H U 

n- Heptane 

C,H 1( 

» 

n Octane 

C,H„ f 

Deoano 


Solid paraffins C„H 10 
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• ( r f Fromm and Eckard, foe.. cil*; Gluud, 

C 21 \ I tc (M. Pt. 51-1°) -J Ges. Abhandlungen zur Kenntnis d-er 
, < l KoUe, 1917, 2, 301. , 


Cj^Hj, (M. Pt. 44°) 
®or C 2 ^H m 


Fromm and Eckard ,*loc. cit. r, ' 

Jones and Wheeler, " The" Composition 
of Coal,” Trans. Chem.Soc., 1914,106, 
140. . 


CjgHjj (M. Pt. 62°) Promm and Eckard, Joe. cit. 
CjjHjj Gluud, loc. cii. 

C aJ H e4 (M. Pt. 69'6 C ) Fromm and Eckard, loc. cit. 
C st H, 0 (M. Pt. 73") Fromm and Eckard, loc. cil. 


As will be seen, this list contains a number of members of the homologous 
series of paraffins, the general formula of which is C D fI., n+s . Structural isomerism 
commences at the butanes, of which ^hcre are two having the same empirical 
formula, C 4 H W , but different graphic formulaethe two butanes thus have molecules 
of the same size, but the molecular architci Jjure |t> different, and consequently the 
two substances are perfectly distinct. There arc three isomeric pentanes, and, as 
we pass up the paraffin series, the number of possible isomerides having one particular 
^empirical formula rapidly increases. Thus there are no less than 355 possible 
isomers Laving the formula C 12 H 2B . The higher members of the paraffin series 
(the solid paraffins, for instance), which have been identified in low temperature 
tars, in ail probability consist of a number of isomerides which it would be extremely 
difficult, if not impossible, to separate from eaeh other. 

The paraffins found in low temperature tars exhibit that regular gradation in 
physical properties which is characteristic of an homologous series; tWg ; s, for 
instance, a 6tcady rise in density up to a maximum of about 0'78 as the series is 
ascended. 

Chemically, the paraffin hydrocarbons arc characterised by their comparative 
inertness. They do not readily rtact wit^i other substances, and such activity as 
they posse(.s'dccreases jvith inefoasing molecular weight. Tins is partly due to the 
fact that they arc stable saturated compounds, and consequently can only form 
new derivations by th^ApIaecment of one or more of the hydrogen atoms in their 
molecules by othef elements <fr radicles. Thus they are not absorbed by bromine 
"or sulphuric acid * fuming ritrie acid has little Sr no action on the lower members 
wf the series, anti otj^er oxidising agent*, such ns chromic acid and potassium per¬ 
manganate, have linearly Tittle effect, Under suitable conditions chlorine and 
brojpine interact vfith the paraffins, yielding halogen f^ibistit&iaon derivatives, and 
the corresponding halogen, hydraaids are by-produetB. 
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• 2. Ethylenes 

The ethylenes or olefines are unsaturated hydrocarbons having the general 
formula C.,11^. Those which have so far been identified in thd products of low 
temperature distillation are as follows 
• Ethylene GjH 4 . . 

Propylene C a H,. * 

Butylene 4 afi C t H s , (CH'iCII-C’IjCH,). 

Butylene Ah C,F i( (CH a CII: CH CH,). 

' Pentene (Amyfene) A a P CjH 10l (CHj: CL •OH, 'CHj •CHj ). 1 

. The rjbove compounds are all members of the homologous ethylene series exhibit¬ 
ing the chAraeleribtic gradation of physical properties ; up to and including the 
butylenes the compounds are giftes; the amylenes aie volatile liquids, and the 
boiling-points of the succeeding members rise until at octadecylcne (C 1 # H M ) we 
reach a compound which is solid at ordinary temperatures {M. Pt. 18° C.). 

In their chemical properties the ethylenes ditTcx considerably from the paraffins, 
The former, cm account c^ their unsaturated nature, form a number of addition 
products. Thus they combine dire'My with hydrogen to give paraffins, with 
halogens to give dihalogen derivatives of the paraffins, with halogen hydiacids to 
give monohalogen paraffin derivatives, and with sulphuric acid to give alkyl- 
sulphuric acids, which are soluble in water. 

CjH| t HjT-^-C^llo Ethane. 

C 2 Hj -i- Cl 2 —>-C 2 l 1 4 CI 2 Ethylene dichloridc. 

CjII, + HT-vCiUJ _ Ethyl iodide. 

C 2 llj -I- IIEthyl hydrogen sulphate. 

In the absence of water the olefines also urftc directly with ozone, forming highly 
explosive'’ozouidos of till* general formula 0 , 11 ^ 0 ^ which decompose in the 
presence of water. 

The olefines further differ from the paraffins in their tendency to polymerise, 
especially in tire presence of such substance* as sulphuric acid or zinc chloride. 
Thus amylenc, (\ H UI , gives rise to polynrerides of the composition C^V.^and 
Last ly, it should be noted that the olefmes, unlike the paraffins, are readily oiidised 
by agents such as chromic acid or potassium jurmanganCli, 

. i DlOLErtNES • 

Altliough jjosseff.ilig the structure andcharactcrLftiw, of the u^finea, the group 
of hydrocarbons known as the diokfii.os have the sards genera! formula, C',H 2n _ 2 , 

1 ►" # m 

: See Soli fit*. BiMchtniuin a»d tVntcbacb, “ Low Temperature Coal Tar and the Produet^af ita 
Ovtr-hcjting." Be., 1 023, 56, ltltll. 
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as thk\^cetylcnes, to rbich refeieiue is made below. Among the members of this 
group are:— 


AEeno (propidiene) 

C.H* 

CH* 

C: CH,. 

t 

Divinyl (butadiene) 

C 4 H 4 , 

CH, 

CH -CH: Cli. 

a* 

Piperylcne (pentadiene) 

C s H g , 

ch 2 

CHCH:CH 

•CH. 

DiaUyl 

C 4 H 10> 

CH, 

CH -CH, ’CH 

, -CH: CII,. 


Inspection of the formul® of theje hydrocarbons shows that in each of them tha 
characteristic ethylenic linkage >C : C< occurs twice ; the substances consequently 
possess the properties of the, etliylenes to an enhanced degree, and are not to be 
regarded as acetylenes. According to Jones and Wheeler 1 and Schutz,* diolefines 
result from the low temperature distillation of coal. 

4. Acetylenes 

As mentioned above, the homologous series of hydrocarbons known as the 
acetylenes have the general formula C n II 2n _,,. The series includes the foEowing 
compounds:— 

Acetylene C,H„ CII! CII ■ " B. Pt. - 82° C. 

Allylcne (metliylacetylcnc) C*II 4 , 'CH'fc-CH, „ - 23-5° C. 

Crotonylene C t H s , CH,-C;C-CH, k 27° C. 

Acetylene itself has been identified by Burgess and Wheeler 3 as a product of low 
temperature distillation. 

The acetylenes being still more unsaturated than the* olefines, are even more 
reactive than tho latter. Thus, under suitable conditions they combine directly 
with two or four atoms of hydrogen or haloger^, or with one or two molecules of 
halogen hydracids:—- 

C 2 H 2 + H, -> C*kl 4 , Ethylene. 

■ C s H 2 + CjH e Ethane'. 

• C 2 H 2 + Br 2 C 2 H 2 Br 2 Dibromethylcne. 

C 2 H : . + 2BrC t H 4 Br 4 Ethylene tetrabromide. 

C 2 H 2 4- IIBr-^- C 2 H 3 Br Vinyl bromide. 

C.H.+ 2HBr->C*H 4 nr, Ethylene dibromide. 

C r f '* 

In the preBcnoc of dilute y ads the acetylenes comhino with the clemcntB of water , 
in this way acetylene jftcfals acetaldehyde, and allylene gives, acetone:— 

'eg ■ CH + 14 * 0 -^- 011 ,-Clio. 

‘ CHa’C ^CH + H 2 0->-CH 3 G*0 -CH,. ’ 

1 Jones and Wheeler.^ “ Tho Composition of Coal.” Trnnt. Chem. Soc., 1914,106, 140. 

* Schutz. “ NaturdW the Hydrocarbons present in Low Temperature Tar Light Oil." Brenmtoff - 
chemit. 1923,4, M, ‘ v 

l '3nrgesa and Wheeler. “ The Volatile Constituents of Coal." Trans. Chtm. Soc., 1916, lf7,IJ16, 
and subsequent papers. '• t * t 
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The acetylenes also unite directly with ozone, giving ozonidjs readily deccihposed 
by water. The tendency to polymerisation shown by the ethylenes is still more 
marked in the acetylenes. Thus, on heating, acetylene polymerises to benzene 
and under appropriate conditions allylene becomes converted into 

meritylene 

Those of the acetylenes which contain the group -C ; CH possess the some-* 
what curious property of forming metallic derivatives such as copper acctylide, 
Cu-C: C-Cu, and Bilver acctylide, Ag'C ■ C-Ag; the acotylides of the heavy 
metalij are dangerously ^explosive when dry. * 

. * 5, Naphthenes or Paraffenes 

The general formula for this group is, like that of the ethylenes, C n H Jo ; the 
molecules of> these hydrocarbons are composed of varying numbers of -CH,- 
(methylene) groups, assembled in ring formation, and are hence known as poly- 
methylenee. The following are members of this series 



ch 2 

B. Pt. 

■ 

■ /\ 


Trimcthylene 

ch 2 —ch 2 

. - 35° 

Tetramcthylene 

CH„—OIL 

I I 

12° 

Pentamethylenc 

ch 2 —ch 2 

CH 2 —CH, 

• ■ , > ■ 

50° 


* CH—-CH 2 

CH 2 CHj 

ch 2 'ch 2 , 

• 

Hexamethylene 

. 81° 


CH, — CK 2 

. “ '117° , 

Hcptamc.thylenc 

(chj, 


According to Jonee arjd Wheeler 1 and Morgan and Soule, 2 rWmbers of the naphthene 
series are found in the product s of low temperature distillation*; while Pictet and 
Bouvier 8 claim to have identified naphthenes having the formulas C lc *H, 0) * 

CjjHjj, C 12 Hj 4 , and Ci 3 II M . It should he noted that no siibstfr.iees are know., 

• , 

' Jones and Wheeler " The Composition of Coal.” Trc\a. '’Arm. 6:t. 1014.105, HO. 

■ Morgan and Soule: “ Ki^r,nation of Low Temiterature Coal Tara." Jour* Ind. Ena. Chem., 
102 '’, 15, 693. * 

* l’iltet and Bouvier. Compt, rend., 1913,157, 1436 ; !b' 6, 16tf,623 and 926. 

• i t i 
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, ' r . (• 

whiclnjontain f morc frban nine carbon atoms united in ring formation! the last- 

mentioned compounds therefore doubtless have side chains, o.g,:— 

* 

— ch 1 

C 1# Tf 2 o = S ^ * >CH -CH i ■ CITj’ClJi•CII 3 . , 

>CH S - CH,/" 

e • 

It is interesting to note that cyclohexane (hexa'mcthylenc) can be prepared by 
thc®dircct union of hydrogen with benzene in the presence o£ metallic nickel (the 
Sabatier and Sondercns reaction):— « 


H 


HC 


: ch 

/ \ 

H,C < 

'j 

l : + 3H, -> 

: ch 

N/ 

” aC \ / 
CH, 


H 


Many hydrocarbons derived from benzene—toluene, for instance, can be simi- 
larly reduced:— 


xC^-Clf 3 . 

HC CH , 

| |j +311.. ^ -> 

^CH-CH ;> 

H,C CH, 

1 1 

HC, ^CH 
\h 

m 

H 2 C CH., 

\ / ‘ 
CH 2 


and ix this way derivatives of cyclohexane are obtained. 

Examination of tho/tfmula?of the members of this series of hydrocarbons shows 
that they are saturated substances p.thc carbon atoms in tinir,molecules are singly 
linked to each other.. In their properties they show n marked resemblance to the 
paraffins, and thi-y may Consequently he calUxl eyclophraffins; they differ very 
sharply from the straight cljain olefines'. Tims, unlike the latter, they do not form 
addition compounds “with sulphuric acid ami tlus halogens. The hydrocarbons 
derived from cyclohexane are the commonest and host known members, of the 
cycloparaffin group. 1 , 1 t 
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6. CyCLOFENTADIENES 


The hydrocarbon cyclopentadiene, C 6 H 6 , may be regaled as derived from 
cyclopcntane by the loss of four atoms of hydrogen, thus 

■ - CHi\nu 

■ CH,/ “* 


?H t -i 
0II s - < 


CH = CH\ r , II 
1 ‘‘ > ch=ch/ CHi 


This compound has been identified in high tcmpcratuii. coal tar 1 and is said by 
Schiitz, Buschmann and Wissebnch 2 1" be also a> product of low temperature dis¬ 
tillation. Other eyclodiones are probably also present as, indeed, the above 
author* suggest. Cyclopentndiene, which is n liquid boiling at 11° C., is a very 
reartivir hydrocarbon whose general chemical nature is olefinic ; it readily combines, 
foT instance, with bromine. . 


7, Benzene Hydrocarbons 

The fallowing table shows tho hydrocarbons of the benzene series which arc of 
‘importance from the low,temperature distillation point of view :— 


Benzene C 6 H 4 

M. Pt. + 5-4° B. Pt. 80° 

Toluene C,H,-0H, . 


■ „ III s 

o-XylcneCHj-C^-CH, 


• „ 142 s 

to-X ylene . 


. „ 139-9’ 

p-Xylene ,, „ 


. „ 138° 

Mesitylenc C a II a (CII i } 3 . 


. „ 163° 

lVudocumenc , 0 • 


. „ Ld9'8 s 

Durenc 0 4 Hj(CHj) 4 

t 

. . „ 190 s 


Therel!T considerable eonlroversy as to whether benzene, toluene and the three 
xylenes are formed during tho low temperature distillation of crral; it seems 
probable that they occur in very small quantity in isolated specimens. 

Jones and Wheeler* identified only toluene, and flint ui traces. 4 Parr and Olin 6 
state that they have identified ad these five hydrocarbons. .Parr end-Olm 9 
add that mcsitylcnc is possibly also present; while pseudocumene has been identified 

1 Her., 1 Sill I, 29, 8UJ. * ^ 

1 Mclnilz, Bvhtii luTin and Wi&aehaok “Low \cmpcnVure Coal Tor % &nd the Products of its 
Over-healing.” Jjrr., 56, 1001. 

51 Jones and Wbeekr. ‘fcThe Coin[.»*i!i<m of < oifl.” fruit** pfow. oof „li)l4 r 105.140. * * 

4 Of. Pictet and Bouvicr. "Nur la Instillation do la Uouilh sous I’raa^m reduile.” Cotii/tf. 

rand.. 1013, 157, ; Si'hutz, Buschmann and IViiwebark “Low Tcrperaturc Coal 'JVamd .hc 

Products of its Over-heating/* tin., K923, 53. 1091. # • 4 

5 Parr and Olin. r The Caking of Coal at Low Tempo, atm Bull. Kng. Expt, f>ta«,Lnir. 

of Illinois. * * 

^’arr and Clio, lor, cit. 
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by Weissberger pnd Hoehrle. 1 Tit authors last mentioned also identified* dutene 
in a low temperature tf r. 

Benzene (CJIJ ij the simplest aromatic hydrocarbon; in its molecujp the 
carton atoms form a six-mem bered ring, and each has attached *to it a hydrogen 
atom* For a discussion of its structural formula the reader is ref?r%ed to # a*textbook 
pf organic chemistry. Representing its formula by the conventional hexagon, each ♦ 
angle of which portrays a carbon*atom with one hydrogen atom attached to it, the 
formulas of the simplest atembers ol this group of {lydrocarbons may be written 
as follows — * , * 



o-Xylene 


Meeitylere 


m-. 



CH, 

p-Xylene 

ClI, 


H S C' 


[CH, 


Pseud'cumene 


ch; • 

Dmcne 


Iiv these formula Ohe # -CH s ' groups each take the place of one hydrogen atom 
the benzene nucleus.t 

! ,’5 >i * B l berger *“? MSehrle. “ Low Temperature Tar Oil.” Brtm«loficUmie, 1923, 4, 81. 

* Weuwberger and lloehrle, lee. cti. . v ' ’ 


in 
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In chemical behaviour the benzene hydrocarbons are quite different from the 
other hydrocarbons we have already considered. The nfdear ring structure is 
very "table ana persists unchanged in the presence of powoffu] reagents. These* 
hydrocarbons are'readily nitrated by strong nitric acid, and with concentrate 1 or 
furring sulphuric acid yield sulphonic acidj—• 

C,H, + HONOj ->H 2 0 +CA-N0J 

i Nitrobenzene 

C 6 II, +H0*S0 a -0H->H,0 + C,II 5 -S0 2 0H 

, * Jlenzenesiilphonic acid • 

The hydrogen atoms of the benzene nucleus can bo displaced, one by one, in this 
way, ami monp-, di- and tri-dcrivatives are thus formed. Benzene ia extremely 
difficult to oxidise; it is slowly attacked by potassium permanganate yielding 
formic and ixalic acids. The homologues of benzene aw, however, more easily 
oxidised, the side-chain being converted into a carboxyl-group, e.g.:— 


C ( H s CH 3 + 30 -*C i H,COOH + H 2 0 

. Toluene Benzoic acid 

I 

Benzene and its homologues can, be partially or completely reduced ; in the latter 
rase hcxahydrobcnxem: (cyclohexane) or its derivatives result. 

Chlorine and bromine react with the benzene hydrocarbons in two ways. Benzene, 
for instance, when the reaction occurs in direct sunlight, yields the addition products 
0,11,01, and C 6 H,Bt,. In diffused light, however, and in the presence of a “ halogen 
» carrier ” (iodine or antimony trichloride), substitution products, such as C,H S C1, 
chlorobenzene, are obtained. Benzene and its homologues exhibit a number of 
other characteristic reactions which cannot be described here; sufficient has been 
said to indicate the marked difference therejjs between them and the hydrocarbons 
already tksyfssatb , 

In the section dealing with the naphthenes it was pointed out that fully saturated 
six carbon ring compounds could be obtained by the complete reduction of the 
benzene nucleus. Besides these fully saturated compounds number of intermediate 
reduction products may be formed ; tliu.i, from toluene, for example dihyd'o-and 
tctrahydro-dexivalives can be obtained, e.g.:— 
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Substances of the first type, namely, dihydro-m-xylene (G # H 1! ), dihydrokrimetliyl- 
benzeno {0 ( If H ), dihydropseudocumene (C,K 11 ) and dibydromesitylene (C B H U ), 
h-we been found in low temperature tar by Pictet and Bouvier. 1 Again, Eekard* 
repflvta that substances Ci 0 H 19 and C U H M are present; these .possibly contain a 
tetrahydrobenzene nucleus. * ? 

' The chemical charactotistics of the parent benzenes are considerably modified" 
by the introduction of two or fovr hydrogen atoms ; they no longer behave lifcrv 
the benzenes, nor are ,th$y fully saturated like the 'cyclohexanes previously men¬ 
tioned. ' * 

8. Nafutiu uene Hydrocarbons ' , 

The parent hydrocarbon of this group, naphthalene C 10 H a , may'be repUscnted 
by the formula :— ■ 


H H 

„/Y%h 


"W" 


H 


H 


Naphthalene itself is a crystalline solid at ordinary temperatures (M. Pt. 
79'6-79-8° C.; B. Pt. 218 n C.); it is peculiar in its high volatility and its 
capacity for dissolving large quantities of air t when molten, which are given up 
on solidification. Several authors 3 * . agree that, although the homologues of 
naphthalene arc present, naphthalene itself is absent from low tem perat ure tars. 
Weissberger and 'Mochrle,* however, claim that it is present. Naphthalene is 
formed by strongly heating a number of substances, and this lias been given as 
the cause of its presence in ordinary coal tar. 

Thpse homologues of naphthalene havcjiecp discovered in lovP temperature tars ; 
a-mctl^vlnaphthaienc ajul jl-mthbyhiaphthalone were found by Fiycher. 5 These 

substances may be represented ,by the following formula: : — 

s 

1 rietet and Bouticr. Cow ft. l.-iuf., ' le Rfiuilmn du vide,” l i 1 * ?.). 157. 143(1; “Sue lea 
% Hydu)curbure& aaturcti dujloudron da vide, 1 * id 915*160, 829. 

2 Fromm and Kclfard. “ Ljgoito Low Temperature 'IV&.* 1 Btrr n I®25, 56> 948. 

i 8 Jones and WlDeJer. “ Thd Composition of t-»al. Tl Trnn*, Chnn, 1914, 105, 140 ; Panr and 

Olin. u The Coking of Cdal at Low,Tcrapcrature, Bull. 79, Eng. Expt.Sla., Unix, of Illinoi*; Fischer 

and Gluud. BrthTtftoffchem:c, 1922, 3,«57. ' 

• Weisabergemand f.Ioehrle, * Low Temperature Tar Oils, 11 Rrtnttdofahl tnt>, 4, 81. 

^Fischer, Schrader and Zerbc. “ On the absence of NapJUh&Leif) and tho presence of Derivatives 

of Naphthalene in Tar obtained at a Low ♦Tern pc rain re, 1 ' Bur,, 1922, 55, 57, t 
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1 

cir, 



The diet is an oil (Setting Pt. — 22° C.; B. Pt. 241-242’ C.); the second is a solid 
(M. Pt, 82° C.; B. Pt, 241-242° C.). A third derivative of naphthalene, 1 : 6- 
dimethylnajhthalciK', was reported by Wcissberger and Moehrle. 1 It is an oil with 
a faint odour (B. Pt. 2G5 C C.), and its formula may be written as :— 


CH, 



The chemical characteristics of tic naphthalene group are vcry^imilar to those of 
the benzenee. hut a larger number of detfrotivcH ir possible ; thus, for example, 
two mui.MtbrtfCutcd methyl naphthalenes are cited above, whereas in the benzene 
series there is only one iiuiliomethyl-dcrivativt , p viz, toluene. The, side-chains of 
the naphthalene homologucs, like those of the benzene series, are easily oxidised 
to fotm acids. * 

Weissbcrger and Moehrle 5 have dAsovetecf a fully reduced .unphthale»e,,deca- • 
hydronaphthdene (C 10 li 1K )> in low temperature,tar. It is a liquid boiling at 187“ C. 
Its chemical properties resemble those of. the poly met iftjf.ncs., This substance can 
be prepared syijtV>KcftlIy from naphthalene by reduction by means of hydrogen hi 
presence of nickel. 3 

• -• 

1 Wcip&bcrjjer iviku AToehrle. Low Teriporainro Tar Uik* flrcKnsti.icht.mie, 1923, 4, 81; aUo ' 

Morgan and Soulo*^" E lamination of Low Tcmperatn*© t‘.*U TimV* Journ. Ind. Eng. Vfotn., 

1023,15, W)3. • 1 • 

^ Weinberger and Moduli' “ Low Temperature Tat(>ik n BftWLSioffchmie, 1023, 4, §L 
3 *Lerm:x. "Telrabjdfuru it IXcahydrurc do Najihla’inc." Vowiftf. rend,, 110 i, 139, 672. 
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H H 

s c \ y c % 

H(T C CH 


+ 0H. -> 


VV" • 

H 'H 


H* Hi 

H.C'' ^ CH. 

Ill 

w 

H* H, 


9. Other Hydrocarbons 


Anthracene (C lt H I0 ) was discovered in ordinary coal tar by Fritzsche in 1857, 
but was definitely stated to be absent from low temperature tar by Parr and Olin. 1 
It may be represented by the formula :— 


if u 


H 


/YTA' 

■vAlV" 

H If II 



It is a solid (M. Pt. 216° C.; B. Pt. 351° C.), and is very similar to naphthalene in 
its chemical properties. Like the latter substance, it is formed pyrogenetically from 
a large number of substances, Buck as toluene, benzene, turpentine, oil, etc. , 

Afenaphthfep - ■-{(,, £ H 10 ) occurs in'brdinai^ coal tar in appreciable quantities, and 
was first'found there by Berthelot in 1867. 4 It does not appear to have been 
detected in low tcnfipera^#e tar,* but tfie fully reduced substance, perkydroacc- 
naphthene, has been found by Weiesbrrger and Moehrle, a thc< boiling-point of the 
latter substance being 235° C. The formation of pcrliydroacenaphthalcne from 
accnaphthalene may be represented by the equation :— 0 

4 e * r 

t 

1 Parr and Olin. “ T^ie Coking ( pf Ocxil at Low Temperature.” iluUtlin ‘> 7 , Eng, Exp. Sta„ Univ. 
of Illinois. * • 

» Bsrthelot, B. /. Cherniy 1867 , 714 . * * r , 

’ WeiBobera^r.arid Moehrle. * Low ^’dlnperature Tar Oils.” Brenniloffche-^ir, 1023 , 4 , 81 / 
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Dodecahydrodiphenyl lias also been found by Wcissberger and Mochrle. It is 
a liquid boiling at 235° C. Synthetically it can be prepared by the reduction of 
diphenyl by the Sabatier and Sendorens reaction 



Fluorene, C 13 H JS or X. _/ , has been discovered in ordinary coal tar, 

CH* ’ ' 

and is separ ated by means of its potassium salt {A.G. fur Teer- und Erdol- 
]nduBtrie, jXTctT 121,150)? It has not been found in low temperature tar. The. 
parent substance is a colourless crystalline (solid (M. Pt. 115°; B.‘Pt. 295° C.). 
Perhydrofluorenc, the fully reduced compound, has been found in low temperature 
tar by'Wcissbergor and Moehrle ; it is a liquid .boiling at 25b <)r '8 0 G. 

Styrolene (C g H g ) has not l)ccn stated to bo present in low teritperater? t'ar,' but 
is found in ominary coal tar. Like other unsaCurated anfratuncea styrolene forms 
additive compounds with the halogens, etc*.:— 
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It is a liquid (B. Ft. 145-14G°C.) which polymerises on standing to form mcta- 
styrolene. 

-V Indenc (CjH,,) itself has not been found in low temperature tar, but the presence 
of sinologues is claimed by Wcissberger and Mochrle, 1 The structure of .this 
hydrocarbon may be represented as 



It is a liquid (Setting Pt, — '2 C C.; B. IT. 18? -3° C.), and was discovered in 
ordinary coal tar by Kramer and Spilker.® It polymerises easily and exhibits the 
characteristic properties of an unsaturated compound. 


B. COMPOUNDS CONTAINING OXYGEN 

Water is always present in the products formed during the distillation of coals 
which contain varying amounts of water held mechanically ; this, however, dots 
'not constitute the only source of the water produced; it is also formed by the 
chemical reactions taking place in the retort. 

The chief oxygen-containing compounds with which we have to deal are the 
alcohols, aldehydes, ketones and acids. 


ALCOHOLS 


Three possible types of alcohols must he considered :— 

(a) Primary alcohols,*Wiieh have a liydroxyl-group directly attached to a carbon 

• * " I IT 

atom wflich itself is attached to two hvdrogen atoms, i.c. R— Cc~~Oil ■ ■^ 1 * s type 

, ^ 1 X II 


of alcohol is unimportant from the present point of view. oxidation it yields 


( |_T\ f 

j or an acid V R-C 5 


'OHi 

*0 r 


according to the 


extent, to wliich oxidation proceeds. 

1 Weiftfibergrr and Moehric, Branitloffchc'.iiit, J92^,f4, SI. 

51 Krjwntr at%<l Sj>ilLko, B tr,, 1890, 23, 3270 ; 1909, 42, 573. 
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* • 

(&) Secondary alcohols, in which tho hydioxyl-gronp is attached to a carbon 

atom possessing only one hydrogen atom, i.e. • Few examples < ' 

secondary alcohols*ippear to have been isolated from low temperature tar j possible 
exeeption^ije tfio menthol-like compounds noted by Pictet and Bouvier, and the 
hydrogenated crosol by Pictet, Kaiser and Laboijchere.. On oxidation, sccondaj^ 

alcohols yield ketones:— • , ' 

• • 

2 r>- C Cqh +0 2 "^ 2 v O+2 H 2 ° 


(c) Sertiary alcohols, in which the hydroxyl-group is attached to a carbon atom 
having no hydrogen atom. Oxidation of this class of alcohol cannot be brought 
about without rupture of the molecule. This is the most important type ol 
alcohol in coal tar chemistry, if we regard phenol and the crcsols as belonging 
to it. 

It should be noted tha^the hydroxyl-group, when directly attached to an aromatic 
nucleus, such as benzene or naphthalene, displays acidic properties; thus a sodium 
salt is formed by interaction tff phenol with sodium hydroxide. This property 
is made use of m the separation of the carbolic oils; they arc obtained by the 
extraction of a fraction (more or Jess restricted in range of distillation) by means 
of sodium hydroxide solution. The sodium compounds, being soluble in water? 
pass into the aqueous^ layeT and can be recovered by the addition of acid. 

■ The separation of phenol from crcsol is based on I lie stronger acidity of the 
former. . 

The following phenolic substances have been found in low temperature tar 


rSubstance. « 

* M. rt. B. vt. 

^filcnol • . 

. p°C. 181° C. 

o-Crcsol 

. 30" C. !88' j C 

m-Crcsol . 

•rc. -jocrc 

p-OWoI . 

., ac’c. '^c 

1:2:4-Xylenol 

. arc. m a*c 

lrimcthylphcnolfl 

• _ ___ 

Tetramctliylphcnols . 

> •- 

Pentdmelliyl phenol . 

*. • • - 

Catechol . *. 

• ♦ . )04 c C. *2tf> u C 


Chemically these phenolic substances “arc very similar; throughout the scries 
the hydroxyl-group exhibits acidity, this propert.yjbeipg modilmd in degree by the 
influence of the methyl groups.. The above substances may b? represented the 
fofmuVc:— 
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r 

CH, 

CH, 

CH, 

’ CH, 

A». 

\ l 0H 

A 

A 

.A. 

r r 

V 

Kj, 

V oa 

\/ 

f 

• f 

V ' 


t 

m-Crcsol 

OH 

OH 

,Phenol 

o-CresoI, ’ 

p-Cresol 

1:2:4-XyIenol 


OH 

Oil 

ch/'\ch i 

• A* 

CH,l s yiciI, 

\y 

CH, 

t ' 

Pentamethylphcnol 

■ Catechol 


Phenol (CgHjOII) occurs in ordinary coal tar, but its presence in low temperature 
„tar is much disputed. Pictet and Bouvier 1 support the view that it is not a product 
of low temperature distillation, but they state that they found it in similar tars 
which had stood for five years. Fischer* states that phenol is not always present; 
but Morgan and Soule 3 claim to have found it in tar from carbocoal. 

The latter aiOiors found the cresols in the same material, and Jones and 
Wheeler* claim that cresols are present in low temperature t«Ts ; Pictet and 
Bouvier 1 detected them in tar that had stood ±or five years. (I 1 u ud a nd Brcuer B 
have also found cresols. 

Xylenols (C 8 H 1() 0) have been found by various authors. 6 Fictet and Bouvier* 
isolated 1:2: 4-xylej]p'ifrom tar that had stood for five years. 

Trimethylnl--"\.«is (0,11, ,0) have beer identified in low temperature "tar by 
Gluud anU ilreuer, 6 Picket, Kaiser and Labouchere,® and Eokard.® t 

The presence of tetrar ’thyl and pcntamcthyl phenols is also claimed by Pictet, 
Kaiser and Labouchere.* „ ,, 

„ 1 Pictet And Bouvier. . Compt. rend., 1913,157, 779, 

* FiBcher, Gee. Ath, zur ATettfcfnM dcr Kohh, 1918, 3, 8tl ; BrtnntU flthemie, 1920,1, 31, 47, 

1 Morgan and SruJo. " Stunieg in the Carbonisation of Coal/' Chem. MeL Eng., 1922, ®tf, 920. 

4 Jones and Wheel©*. “The Cjomjoosition of Coal.” Trane. Ghent* tfoc. ( 1914,105, 140. 

5 Gluud and Breucr. Gee. Aik. zu“ KennlnU der kohl?, 1910, 2, 230. 

1 Morgan and .Soule-., foe. c it. ,■ rVondm and Fckard. “ Lignite Low Tem\ srature Tnr,“ Ber. t 1923, 
56, 948 ; Gluud and Breuer, loc. c\t. ; Jones and Wheeler, loo.< cit. , *■ Pictet, Kaiser and Labouchere, 
Compt. rend., M7, 106, 113; Pictet and 3ouvier, lot.til. . 
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Gluud and Breuer 1 have reported that catechol (o-dihydroxy-bencene) is present 
in low temperature $ar. 

Besides the true phenolic substances a hydrogenated cresolphe^ahydro-p-creso 1 
has l>epn found by'fictet, Kaiser and labouchtre." By inspection of its structural 
formula—\ -• 



it will be seen that this substance is a secondary alcohol of the cyclohexane series. 
As such its nature is more that of an aliphatic alcohol than of a phenol. The sub- 
fvtancc is a liquid boiling ut 174° C. 


ALDEHYDES 

/H 

An aldehyde may he represented by the general formula E—where 

R may be a simpie chain radicle or a radicle of the benzene type. In tho former 
^case the aldebydic group displays great chemical activity. Thus, for instance, 

acetaldehyde (CHs-C^ ^ is readily, oxidised in the air to form acetic acid 
v J 


' : *it causes, by reaction, the separation of metallic silver from 
V v?iv J * 

ammoniacal polution of silver saltB, and it furtfler forms a numbei of additive 


compounds. 

In the prescnce^of small quantities of acids or of certartiV 1 tR. acefldehyde ia 
converted into a polymeride, paralduhytih (C s H t O',. Acetaldehysie i ^.h has not 
been found, in “low temperature tar; but paraldehyde has been claimed to be 


present by Schutz. 3 • ^ -s 

Para(dchyile is id Colourless liquid at ordinary temperature^ (M. Pt. 12-6° 0,; 
B. Pt. 124° C.). It does not exhibit the rev-tivity of^acotahjehyde. When dis- 
• tilled with sulphuric acid* acetaldehyde is generated. f 

1 Gluud and Brener. Qu. .4&A. ;ur AVnninia dtr Kohle, !918„2, 238. ‘ 

* Morgan and Soule, !(X, tit.; Fromm and feckard. “ Lignite Li<w Temperature Tar.” Btr. 1923, 
M, !M8; Gluud and Breu.n, luc. tit.; JYinea and Wkoelor, /oc' eit.'; I’iotet. ^aiw%and Labouohire. 
Lea Alooola at les Bases du Goudrot du ySJe. Compt. rend., 1017,189, 113; Piotet and HouTier, IfC. tit. 
' Sc%uU, Bnwutogchemie, 1923,4,84. * • 


. r 
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KETONES 

R 

f The general lorjuula of ketones may be written af p-'C=0 It will be 

seen that they bear a close relationship to aldehydes, the hydrogen »*oin in the 
latter being replaced in ketones by a radicle such as — CH a , — C„H S or — C!,U t . 

' To some extent the properties a* the ketones resemble those of the aldehydes; but 
the former are not so eaeily oxidised, and consequently, in some directions, they 
are less reactive ; thus they are not capable of reducing alkaline silver salt solutions. 

Acetone (CJI 3 C0-CH 3 ) is the simplest ketone, and was obtained from ordinary 
coal tar by Housler 1 ; while methylethylketone (CH 3 'CO-C 2 H 0 ) was fouqd in the 
same material by Schulze. 2 Both substances have beo'n found in low temperature 
tar, the first by Brochc,® and the second by Schiitz, Buschmann and >Vissebach. 4 

ACIDS 

Although acetic acid (CH 3 -C00H) and benzoic acid (C e H 6 C00H) have been 
identified in ordinary coal tar, no reference to these or ether organic acids is mad" 
in the literature of low temperature carbonisation. 

C. COMPOUNDS CONTAINING SULPHUR 

, So far as the literature shows, the sulphur-containing compounds in the low 
temperature distillation products form no definite group or series ; brief reference 
is made below to the few individual substances which hftvc been noted. 

Hydrogen Sulphide (H 3 S). Burgess and Wheeler 6 note the occurrence of this gas. 

Carbon Disulphide (CS 2 ). Jones and Wheel ;r 6 state that this does not occur in 
low temperature gas ; but Schiitz, JBuschmann and Wissebach 7 claim to have 
found traces. “ >■ 

Methyl Mercaptan (C1I 3 'SH) and Dimethyl Sulphide (CH 3 ) 2 S. Both these 
substances have been noted by Schiitz, Buschmann and Wist-cbach 8 as products 
of low temperature -ifat illation. The former, the first member of the group of 
thioalcohols (e-gevncohols in which sulphjrr takes the place of bxygen), is an evil- 

' i 

' IfSusler. Her., 1895.'28. 488. 

* Schulze. Her., 1887, 2pli411. ■ 

* Low Tern pc rat lire Tat obtained from the Zcthe Fiirst llardenberg Coal, and in particular, the 

content of Benzeno, Phenol and Acetone. r., 1929, 66, 17K7- 9I, - ■ 

* Schiitz, Buschniann and WinSebath. “Low Temperature foal Tar and the Products of its 

Over-heating.'’ Bo., ,10?5,66, 1(191. * * , 

L Burgess and Wheeler, ‘i The Volatile Constituents ol foal, Trans. Chon. Sot. , 1916, 107, ■ 
*1010, and subsequent papers. 

* Jones and Wheellr. “ Composition of Coal.” 'r run f. Chon. Snc., 1914,106. 140. 

1 Schiitz, Buschmann^and WisscTach. “ Low Temperature Coal '-iar and tbo Products of it* 
Over-heating.” Btr.. 1623, 66, 1091. 

•tScbiitz, Buschmann and Wisseba^Ji, foe. til. 
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smelling liquid, lighter than water, which boils at the low temperature of + 6° C. 
The mercaptans are characterised by the formation of metallic derivatives, in 
which the metal takes the place of hydrogen. Thus ethyl mersapjan, or mercap.^.c 
ae it is common lj called (C 2 H 6 ’SH) gi'.cs sodium mereaptido (C s H 4 -8Na) and 
mercury hiercaptido (C 2 H t S) 2 Hg. A to)yl mercaptan (CHg-CjHj-SH) has been 
"identified in low temperature tar by Sehutz. 1 * , 

In the thioethera, of which dimethyl sulphide is the first member, sulphur tjwes 
the place of oxygen in common ethers, e.g. ethyl ether ^ 2 H 4 ) 2 0, diethyl sulphide 

(CA)*S- 

The tbioethers forih derivatives with certain metallic salts by direct addition 
(e.g. (OjlIjljS-HgClj), are somewhat readily oxidised and unite directly with the 
halogens the*tendency of the sulphur atom to pass from the di- to the tetra-valent 
state is the keynote to their chemical behaviour. Dimethyl-sulphide is a liquid 
(B. Pt. 37° C.) having an unpleasant and, at the same time, ether-like smell. 

Thiophene:. 0,11,8 occurs in high temperature tars; its presence in low 
temperature tars is, however, problematical. 3 Tho substance is a colourless liquid 
.with a faint smell resending that of benzene, and boils at nearly the same tem¬ 
perature (84° C.) as tiie laltcr. Its structural formula is— 

IIC—CH 

HC CH 

\/ 

S 

and, since the. ring-structure is not composed exehnively of carbon atoms, it is 
known as a heterocyclic compound.* When a minute quantity of Aiiophene is mixed 
with a few ccs. of strong Bulphuric acid containing a crystal of isatin in solution, 
a deep blue*- ’ nltion is developed; the colour is due to the formation of indo- 
phenine, and the reaction is utilised as a ddieatt test for thiophene. In chemical 
behaviour thiophene docs not in the least resemble the thioethers (vide supra ); 
towards reagents such as sulphuric and nitrie acids it bd..v: t< in a simihr way to 
benzene and its derivatives 
* 

D. COMPOUNDS CONTAINING OMLOPINK 

t . ’> 

Tliese can be dismissed by the brief state mem that hydrochloric acid (1101) 
and ammonium ehlorid^ (NIl,Cty have been identified as r jr.*ducts of low tem¬ 
perature distillation by Jones and Wheefcr.® 

1 Sohiiti. “ Low T«>..porft(m<‘ Tar.” Her., 192:1, 66. Hit* 

1 Res Mor];&n and Soule. Phrui. <ivl 3frt. Eng., 1922, 26, 977. 

» •’ £once and Wheeler. “ The Composition of Coal." 'Urant. C’ijia. i9oc., 1914,105,140. * 
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E. COMPOUNDS CONTAINING NITROGEN 

So far as low temperature tare are concerned, the nitrogenous substances whioh 
if, ye so far been identified are, with one exception, basic in, character. The 
exception is methyl cyanide (CH 3 CN), which was identified by Schlitz, Eiisc hiAaim 
and Wissebach. 1 Methyl cyanide, or acetonitrile, as it is more compionly called,, 
b a colour!,^ combustible liquid (B. Pt. 82° C.). On heating with acids or alkalis 
it h hydrolysed, yielding^ ultimately acetic acid. 

Cil 3 CN + 2HjO -> QHj-COOH + NH S . 

Under appropriate conditions it is reduced by hydrogen to ethylamine :— 

CHjCN + 2Kj CH a ■ CH* ■ NH,. 

Of the basic nitrogenous substances ammonia is the simplest; .many authors, 
e.g. Burgess and Wheeler, 2 refer to its occurrence. Its nature and properties are 
so well known that a description of them hero is unnecessary. /The principal 
nitrogenous bases in low temperature tare to which reference is made in the literature 
are shown below:— 


CH 



N 


Pyridine 

v « B. Pt. 

Pyridine CjH 6 N , , ^ . (M. Pt-42°) 115-6° 

Picoline C 3 H 4 N{CH 3 ) . . . d isomer % 1 29° 

„ „ .... /3-isomer * 144-147° 

„ ,, ... y-isomer 142 -5-144 -5° 

Ethylpyridine CjH 4 N(0 2 H 5 ) . . a-isomer 148-5° 

Collidine (JL.: 3 fo trimethylpyridine) r C s HiN(GHj) 1 i 172° ■ 

I ryd^e quinoline. r 1 ' \ 

Jfiethylhydroquirfolme. * 

Ethy ihydr cqui nokti e. 

Isohydroquinoline. ■> * ■ 

Toluidines 6H s -C 8 H 4 -Nj’l, . . o-isomer 199-7° 

„ ' ", . . wi-isomer • 203-3° 

< „ * „ , 1 p-iaomer {M. Pt. 45°) 200 2° 

1 Bchiitz, Bueohmann .and Wieeehach. “ Low Temperature Goal Ty and the Produota o( its 
Oser-heating.” Bcr. 1923, 66, lOSl. * * 

1 Burgees ana Wheeler. “The Volatile Constituent* ol Coal” Tram. Chem. Sac., 1616, 107, 
1916, a%d later papers. , » { 
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I 

Pyridine. Jones and Wheeler 1 found pyridine bases in low tertiperature tars in 
traces only ; while Morgan and Soule* (see also Eckard*) identified pyridine in tip', 
tar from carbocoal. Pyridine is a colourless liquid with a "peculiar smell; it *8 
fredly miscible wish water, and the solution is strongly alkaline. The substance is 
remarkable for 'its indifference to chemical reagents. It is a tertiary base and 
forms salts with acids (e.g. pyridine hydrochloride, C 5 rf 6 N,HCl), which are usually 


soluble in water. 

4 


Pieolines, The three isomeric 
formula} are as follows:— 

mothylpyridincB are 

kne wn as picolines ; their 



CH, 

: A 

• 

Ac, 

A 


\/ 

\/ 

N , 

N 

N 

w pica line 

/j-pieuline 

y-picoline 


The picolines arc liquids very similar in character to pyridine; their occurrence 
has been noted by Morgan and Soule* and Eckard.* The three isomeric ethylpyridines 
are also known, and again are similar in behaviour to pyridine ; the occurrence of 
these substances is recorded by Morgan and Soule. 2 3 

1-3'5 Collidine. For the occurrence of this substance, see Gollmer. 4 Its 
formula 1 b:— » 



Pictet, Kaiser and Labouch^re 4 note the presence of aSiydroquinoline and of an 
isohydro quinolinewhile methyl- and cthyl-uydroquinoline have been identified in 
low temperature tars b^ Morgan^md Soule.* 


1 Jones and Wheeler. “ Tho Compofitic>;i of Coal.” Tram.. CAem, 8oi‘., i 014,105, 140. 

■ Morgan anil Soule. . CAcm. and Met. Eng., 1022, 28, 9143. 

3 Fromm and Eckard. ” Lignite f.ow Temperature Tar.” Ber., 1023, 56, 053. 

* Gollraer. “ Basic Compound* iti Low Temperature Coal Tar." Brainttoffchcmir., 102%, 4,19. 

* motet, 'Caiaor and Labouchire. Ccmpl. rend., 197, V5, US • 



86 « /• LO\f TEMPERATURE CARBONISATION 
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Toluidines. The formulae of the three isomeric toluidines, which are methyl- 
anilines, are as follows:— 


Oh, 

ch 3 

CH, 

A™, 

A 

/\ 

t-' 

V‘- * 


\s 

o-toluidine 

»i-toluidine 

KHj 

p- toluidine 


Pictet, Kaiser and Labouehere* record the presence of primary bases, apparently 
toluidines, in low temperature tare. The toluidines are the homologucs of aniline 
(0 4 H 5 NHj), which they greatly resemble in all their chemical properties. They 
are basic, neutralising acids and forming salts which arc frequently soluble in water 
(e.g, toluidine hydrochloride, -KH 2 ,HCi). Their reactions are numerous 

and important. 

To complete the account of the nitrogenous basic substances it should be added 
that Pictet and Bouvier* have stated that secondary bases (e.g. of the type p ^NH) 
were present in tars which they examined. 


1 Pic tot, Kaiser and Labouchere. Coin.pt. rend.. 1917,165, 11.1 

* Pictofc and Bouvier. Compt. rend,. 1913,157, 779 ; also J. J, Morgan and It. P, Soule. " Exami. 
nation of Low Temperature Coal Tars.” lad. Emj. Chrm., 1923, lfi, 697-91. 



CHAPTER VII 

THE EFFECT OF HEAT UPON COAL* 
INTRODUCTORY . . 

Much experimental work lias been undertaken to determine the effects of heat 
upon coal," not duly with a view to obtaining or deducing information upon the 
constituents n coal, but also as a guide to the commercial carbonisation of coal 
?,t various temperatures. It is desired in this^chaptcr to consider the effect of 
heat on coal from the latter standpoint. 

The three principal products obtained by ioV temperature processes of car¬ 
bonisation are coke, oils and gas, and the conditions must be fixed so that the 
quality and quantity of the yield are optimum, with particular reference to their 
total commercial value. It has already been indicated that, by increasing the 
temperature of carbonisation, the hardness of the coke and the yield of gas arc 
in general improved, but that the quality of the gaseous products and the quantity 
of the oil are decreased. For low temperature processes a compromise must there¬ 
fore be effected in fixing the temperature of carbonisation. This must be high 
■enough to leave only sufficient residue of volatile matteT in the coke to ensure its 
ease in kindling and frcc^burnmg properties and, at the same time, not so low as 
to invalidate tb s strength of the solid residue. The temperature must not bo so 
high as to reduce the rich quality of the gas or the optimum of the oil yield. The 
particular problems to bo discussed in this chapter arc therefore 

A. The most suitable temperature of carbonisation for low tem¬ 
perature processes. 

B. The time required for carbonisation. 

C. The amount of teat required for carbonisati' >. 

A. Tilt TEMPERATURE OF CARBONISATION FOR LOW 
TEMPERATURE PltOCESSES 

SOM$ RESULTS OF EXPERIMENTAL RESEARCH 

Coal iR a very complcA substance, and the products of decomposition vary 
considerably wIkTi it is heated to different temperatures. As the composition of 
coal also varies ovci^a wide range, it is Impossible to make round generalisations 
of the yield at anJ temperature which would be applicable to njl types of coal. The 
following results of exjjprimcntai investigations in th$ laboratory on carbonaceous 
materials at various temperatures, but iqpie especially the lower temperatures, wdl, 
however, first be cbnsidored. 

Bernstein in 193b 1 published the results of researches oi^the low temperature 

4 Bometfin, F. “ Decomposition of Solid Fuels at Mftdually increasing temporaturea.^Jcmni. /. 
GMbeto'’'f* mg, 49* 627-30, G4&-52, 607-7L # 4 

‘ 87 ' 
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distillation of \-ood, peat and lignite. The ultimate analysis of each material is 
given in Table XIV, and the composition of gas evolved at various temperatures 
is given in Tablq X«V. 

’ TABLE XIV 

K 

Ultimate Analysis of Wood, Peat, and Lignite < 

_ . T1 . 1 TTt * 



in Bop.nstein’s 

Experiments 



*' 'Wood. 

Pegt. 

Lignite. 

Carbon 

. 48-75 

43-76 

63-44 

Hydrogen . 

. , * . 6-48 

4-16 

5-05 

Oxygen 

40-"5 

24-57 

21-70 

Nitrogen 

0-63 

2-30 ‘ 

0-83 

Sulphur 

0-08 

0-24 

0-46 

Ash . . 

0-10 

‘7-94 

6-22 

Moisture , 

3-21 

17-03 

1-81 


TABLE XV 


Gases Evolved from Wood Peat and Lignite (Bornstein) 


m 

2flO°C.—300°C.' 

300' 

■ C.—360° C. 

360' 

s c.—400" a 

400" C.—460*0. 

Lignite. 

Wood. 

Peat. 

Lignite. 

Wood. 

I’eat. 

Lignite. 

Wood. 

Peat. 

Lignite. 

Carbon Dioxide . 

91-4 

63-5 

89-2 

90-9 


63-8 

69-6 

28-0 

55-4 

47-8 

Daibon Monoxide . 

6-4 

27-7 

10-1 

7-6 


7-2 

15-8 


12-3 

15-1 

Methane 

1-1 

14-9 

- i 

— 

e 7-9 

25-5 

3-2 

20-G 

25-4 

21-2 

Olefines 

V/ 

0-2 

0-3 

■CM 

1-5 


2-0 

50 

3-7 

3-9 

Hydrogen 

0-3 

3-7 

0-3 


. 3-0 

3-1 1 

8;8 

; 17' 3 

3-1 

11-9 

3ul pbur compounds 

.- 

— 

— 

§Ea 


* 

0-5 

— 


0-4 


Bornstein also carbonised eight samples of coal at a temperature of *150° C. 
The proportion of the product^ varied Considerably^ but the following may be 
quoted:— • ” 


Ultimate Analysis of Moisture-free and As^-free Coal 
c, H. , ' o. N. s' 

85-^9, 4,-82 • 7-95 ,1-08 f 1-06 


' Percentage Composition of Gases^ 

Carbon Dioxide. 1 CaSbon‘ Monoxide. Methane. Ethane. 

3-6 ' 3-8 54-3 • 15-2 


Olefines. 

56 


Hydrogen. 


17-3 
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4 

Unfortunately the quantity of the gases distilled from the substances investigated 
by BSrnstein is not given. 

A further contribution to this subject has also been made'by’Porter and Ovitz. 1 
Toil grammes of non-coking coal (Illinois) and of coking coal (Pennsylvania) were 
_ progressively heated in an atmosphere of nitrogen to temperatures varying from 
390° C. to 1026° C., and the gases given oil were measured and analysed. The 
ultimate analysis of the coals on a moisture-tee basis are given in Table ,XVI, 
and particulars of the gases evolved ape given in Tables XVII and XV III, The 
volumes of the gascR evolved from the ten grurnmn of coal at the various tem¬ 
peratures are given in Tables XIX and XX and are shown in Figs. 4 and 5. 

TABLE XVI 

Ui*timate Analysis of Illinois and Pennsylvania Coals 
(Poster and Ovitz) 


Carbon 


Illinois. 

67-87 

Pennsylvania. 

78-00 

Hydrogen ,. 


5-44 

5-24 

Oxygen 

• 

19-47 

7-47 

Nitrogen 


1 34 

1-23 

Sulphur 


0-46 

0'95 

Ash . 


5-42 

7-11 


TABLE XVII 

(Jakes Evolved from Illinois Coal 
(Poster and Ovitz) 


Temperature of ^jirnace 

°C. a 

1 

L 500° 

COO 0 

700° 

800° 

900° 

1000° 

1100° 

Highest temperature 

reached in coal °C. . 

390° 

480“ 

♦ 

585° 

685° 

811° 

920“ 

1026° 

Volume of gas gvolved 
c.c. (from 10 grammes ' 
of eoal) -- 

^ 197 

l. 

535 

1 

i * 

980 

1550 ' 

2.535 

2700 

3120 

Analysis (calculated L 

nitrogen free)* 

00 t ... . 

23-8 

7-C 

*. 

(i-4 ■ 

t 

3-9 

3-5 

2-7 

1-8 

Illuminants. r 

6-5 • 

6-0 

4-r 

«-3 

« 8-2 

3-7 

4-0 

CO ... 

1G-5 

](i-l , 

21-1 

Hj-9 

■ 15-2 

151 

16 J 

CH„ C t II„ etc. . . . 

49-5 

55-0 

41-5 

.34 -4- 

”27-8 

23-1 

19-4 

H, . . . ' . 

3-7 

10-3 

2C-9 •’ 

11-5 

1 P, 

55-4 

58-7 


1 Better Ovitz. " The Volatile Matter of Cosl.” BuUtijn I, U^S. A. Bureau of Ijinea, Iflft, 1-86. 
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TABLE XVIII 


Gases Evolved from Pennsylvania Coal (Porter and Ovitz) , 


Temperature of furnace 

°C . 

500° 

600° 

, 700° 

800° 

« ! 

900° • 

1000° 

4 

1100° 

Highest temperature 

reached in coal °C. 

390° ‘ 

474° 

. 589° 

705° 

812° 

r 

' 922° 

1010" 

Volmne of gas evolved 
c.c. (from 10 gramme's 
of toal) 

r' 

i 

>31 

1 

718 

1 

1320 

1723 

,2080 

2900 

3530 

Analysis (calculated 
nitrogen free):— 

CO, . 

13-9 

4-2 

3-2 

' 

2-0 

M 

€ 

' 1-3 

1 1-0 

Illuminants . 

91 

71 

4-3 

4-5 

4-8 

4-6 

5-2 

CO ... 

7-8 

60 

6-3 

7-2 

7-4 

* 6-4 

73 

CH* C 2 H„ etc. . 

03-3 

64-1 

55-8 

47-0 

33-2 

294) 

20-3 

U 2 ... . 

3-9 

18-3 

30-4 

39-3 

53-5 

58-8, 

60-2 


TABLE XIX r ' 

I 

Volumes of Gases Evolved from Illinois Coal.in o.c. per 
Ten Grammes 


Temperature 6 C. 

390“ 

480“ 

5BC“ 

636“ 

sir 

930“ 

1026“ 

CO s . 

47-0 

40-7 

02-7 

60-5 

* 58-4 

72-9 

56-2 

Illuminants . 

12-7 

26-8 

40-2 

51-1 

7-1-7 

99-9 

124-8 

CO . . t , 

32-5 

86-1 

206-8 

i 262-0 

354-9 

407-7 

502-3 

CH 4 , CjH 6 , etc. . 

97-5 

294-2 

.406-7 

533-2 

619-1 

623-7 

605-3 

H. ■ 

7-3 

87-2 

263-6 

' 613-2 

1197-9*- 

1495-8 

1821-4 

• 

197-0 

535-0 

980-0 

1550-0 

2335-0 

2700-0 

3120-0 


TABLE,XX • • 

, ‘ *■ • ^ 

Volumes of Gasijs Evolved from Pennsylvania Co^r, i» c.c. per 

. Ten Grammes 


Temperature c t‘. t 

J 390“ 

iJV 

1 589“ 

705“ 

-—-—- 

* 

922“ 

1010“ 

a 

© 

*/25-6, 

' 30-1 

39-0 

' 31-5 

22-9 

34-8 

i 35-3 

Illuminants . *. 

, 14-C 

51-0 

52-5 

77-5 

99-8 

133-4 

183-6 

CO ... 

/2*6 

; 4vj-o 

76-9 ' 

124-1 

UV3-9 

185-6 

257-7 

CH 4 , C,H„ etc.. . 

( 102-0 

462-4 

680-7 

809-8 

690-6 

841-0 

928-4 

H, ' 

6-2, 

13}T 

370-9 

677-1 

1112-8 

170^-2 

>’126-0 

* r f * 

» ‘ 1 

1610 

718-0 

1220-0 

1723-p 

, 2080-0 

| .29CM-0 - 

35^ •« 






.THE EFFECT OF HEAT UPOfo.CdAL . ,91 

' . 1 
An examination of the products of carbonisation at 600° C. frsm typical coals 

in tho low temperature assay apparatus described on page 60 has been made by 

Gray* and King. In this method a 15-gramme sample continued in a glass tube 

was»inserted to tiy> full extent in tho furnace at a temperature of 300° C, The 

temperature wafi then slowly raised to 600° C. during ono hour, after which 

'it wob maintained at this level for a further period of one hour. As a 





point out that— 

“ ThiB explains the presence of «xygen, the high ritwgen figures, anh 
probably accountfjpfoi a portion* of the carbon "dioxid j, as oxygen is freely 
absorbed by coal at temperatures much below the point of decomposition. This 
• alyorpti^n of oxygen makes it impossible to<arrive jt the exact composition of 



Volume of Gas in c-c. evolved from lO Grams of Coat. 
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< 

the gas from the coal by deduction of the volume of air found'by calculation, 
and the results are therefore reported in the form obtained from the analyses,,, 

The authors go on to state that— • 

“ The analyses were carried out over mercury in a Bouo and Wheeler 
apparatus, to which was fitted a copper oxide tube for the direct determination' 
of the hydrogen. The proportions of the saturated hydrocarbons were calculated 
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‘ ' ' ’ \ - 

from the results of tlie explosion analyses, assuming only methane and ethane 

to be present. Since it is practically certain that highef, paraffins are present 

to 6ome extent, this assumption is not justifiable; but the close agreement 

between the vOiUifle of bxygen used up in the explosion and that theoretically 

required for (he, proportions of methane and ethane reported, indicates that 

propane and higher,.paraffins,* if present, oclur in relativelw<imail proportion. . . . 

“ The pnopoi tion of nitrogen was arrived at by deducting from the total 
residual njtrogen the vplumq of the latter which had been added^in thsifoVm 
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of sir, to supply the oxygen necessary for the combustion of thfe hydrocarbons, 
instead of representing it as the difference between the 100 and the sura of the 
other constituents, as is customary. The variation of the total from 100 repre¬ 
sents errors of* analysis. The percentage of nitrogen reported in No. 5 is 
• evidently low, as it falls somewhat short of the figure which is equivalent to 
3 per cent* of oxygen.” 

The principal data obtained by Gray and Kiifg are grfcn in Table XXI, Their 
results, in common with those of the jftevious investigators, emphasise the Jiigh 
ratio of methane and higher paraffins in gas prcftluccd 8y low temperature car¬ 
bonisation at temperature^ of about 000° C. 

Eef^enco muy also be made to a paper by Porter and Taylor 1 in which are 
shown tho yields of typical coals Jtetween the temperatures of 250° and 450° C. 


CRITICAL TEMPERATURES IN THE HEATING OF COAL 

Somewhat similar yields of gases to those of Porter and Ovitz have been obtained 
by Burgees and Wheeler 11 oft saiftpjes of bituminous, semi-bituminous and anthracite 
coals. It appears from their experiments that the occluded gases are evolved up 
to about 200° C.,*tha£ tho evolution of the combined water commences at 200° C. 
and that the decomposition of the coal substance commences at about 350° C. 
This is confirmed by some large-scale work at H.M. Fuel Research Station, when 
coal was raised to a tenqierature of 350° C. in a rotary heator. 

• Vignon 8 concludes that unsaturated hydrocarbons are evolved up to 600° C. 
but not beyond, and that methane and other paraffins form from 60 per cent to 
80 per cent of the total yield of gas up to about 800° C. 4 

It is clearly established tliat. t'tero is a definite critical temperature between 
700° and 80!)’ C., at which tho evolution of hydrogen rapidly increases. This 
phenomenon has already boon referred to (page 46, Chap. IV), and its exact 
significance need not here be discussed. It is generally agreed, however, that 
secondary reaction* on a large scale fcigin at [bis .temperature, The secondary 
reactions are due to the inl'vnce of fiieat* upon tluf*primary product's of distillation 
previously fornlSu, liii) tariffing changed in character and Siminishcd in quantity, 
and the gas being incensed in volume but* diminished in complexity and calorific 
value. This tempefaftrre of 700° C. may be 11 considered the liyiil beyond which 

__ * * (• 

1 Porter *tid Taylor. ‘"Hie Mode of Decomposition of Coal Ip*He* ." Proc. Amer. Oat Jut .. 
9th Annual Mooting. Cbem. Sec., 1914,1-50. t ... • * 

1 Burgess and Wheeler. The Volatile Cqji&tituenta of CaaL”*7Va»». Chcm. 8oc,, 1910, 97,1917- 
35, and 1911, 99, 649-07. ^Tho Distillation of Coal in a Va^iin* TV&wl Soc. t 1914,105, 
131-40. # 1 f 

.? Vignon, L. M Distillation IPractiohle do la Ilouilie.’* Compici /?fndva Acad. Sci. t 19M, 1 JR 
1514-1^ * * * 



TABLE XXI 

Low Temperature Assay at 600° C. of Typical British Coals (Gray and King) 
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coal should i\t, be heated in any process for low temperature carbonisation if the 
oils and gascR are to possess the properties associated with the primary products 
of carbonisation. • ' 

‘the EFFEcfr OF THE CARBONISING TEMPERATURE ON THE 
'* * QUALITY OF THE COKE* 


t The effect of the temperature of carbonisatjpn on tJjp quality of the resulting 
coke is very marked for wide terr.pcjytuie ranges. The 0 structure of the coke 
resulting from the carbonisation of the same coalpit various temperatures has*been 
examined by Cobb ancl Greenwood. 1 In particular the specific gravity, porosity 
and weight of the resulting samples of coke were determined. The temperatures 
employed*were 550° C., 850 s C. and 1100° C., corresponding to low temperature, 
gasworks aud coke-oven practice respectively. The original coal had a specific 
gravity of 1-2T, The specific gravity and porosity, as calculated from the ratio of 
actual coke volumes and interspaces, of the resulting coke were as follows :— 


v 

Temperature 

Specific Gravity. 

Porosity. 

A . 

• 550° 0. 

1-69 

44‘7 

B . 

. *860°C. 

1 87 

52'5 

c • .* . 

. 1100°C. 

1-87 

48 


The differences are summarised by the authors of the paper as follows 

(1) The total volume of coke A was 3 per cent greater than that of the original 
coal. Such swelling is the cause of much difficulty in low temperature 
carbonisation. 

(2) Coke B was much harder titan coke A, and the change-!, weight, porosity, 

etc., show that this hardening w<ir accompanied by a thinning of the 
cell tfato. * , . 

(3) Coke C had similar properties to those <ff a commercial sample of metal¬ 
lurgical coke. The liardcning in this case was accompanied by a thickening 
jtf the ce.!l B wa1k This circumstance is regarded as one main difference 
between gas coke ant* hard aaet;jih:rgical «pke. 

• 

tiie^te'mferature UF CARBONISATION 

From the data lidbert.o published of the* results of laboratory experiments it 
would appear that there is not «yet definitely nstabfished i ^temperature lying 
between 350° ami 750° (f ., for which it nu^y he said the? the'eli^s of the product* 
of distillation are an onfimiun. It is possible, however, that on a commercial plant 
for low temperature carbonisation the working range officinperajur^may fall within 

1 tuyi Greenwood. “ ihe Structure of Coke.” A. rn. Chtn t. hui,, Hareh, 19?2. 
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narrow limits. Vhe value of the gas, tar and coke must then he measured in terms 
of the quantity and quality from an economic standpoint, while the practical diffi¬ 
culties of maintenance and upkeep of the plant must also be borne in mind.' Tho 
effect of heat on tho quality and strength of iron and steel at,high temperatures 
must in particular be taken into account, It will possibly bo fotind that a tem¬ 
perature in the neighbourhood of 6(H) 0 C. is, on the whole, most suitable for the 
majority of commercial plants, though it may be desirable to heat certain coals • 
to a higher temperature, say 650° C., in t order to assist in tho production of a 
compact coke. ,, ' 

B. THE TIME REQUIRED FOR CARBONISATION 

< 

THE TIME ELEMENTS IN THE CARBONISATION PROCESS 

It is essential from a commercial standpoint to have reliable iliformation on 
tho time required for tile carbonisation of coal. The conditions under which 
laboratory experiments are performed are, however, so different from those which 
occur on any full-scale plant that it is very difficult to‘draw any conclusions of. 
value for commercial application. Practical aspects of the problem of heating the 
material will be discussed in a later chapter. In this section the matter will be 
considered in a preliminary manner from tile results of small- and medium-scale 
experimental work. 

Coal is a poor conductor of heat, and the time of carbonisation is influenced 
very largely by the method of heating, the shape of tho retort, the thickness of the 
charge, the size of the particles, the closeness of packing, the facilities for the 
escape of the vapoprs and many other important factors. Whereas detached 
particles of coal when exposed to radiant heat can bo carbonbed in a few seconds, 
it has been found that the carbonisation of 20 grammes of findy ground coal in 
the laboratory assay apparatus iof tho Fuel Research Board is only completed 
when a temperature of 600“ 0. has been maintained for at least twenty minutes. 
Apart, therefore, from the time required to transfer the heat from the heating 
medium to the charge, which is influenced by the method of hcatfng, size of particles, 
etc., it would appear that therein a further time-elentmt, dup to, the necessity for 
maintaining the coal at the maximum temperature before carbonisation is com¬ 
plete. It is scarcely to, be expected, that the varied and complex reactions which 
occur in a mass oi coal heated to a temperature of, say, 600“ C. can be completed 
immediately that tSmperajure is attained, and an interval of time must elapse 
‘oefore the gases 'and' volatile product? cun be removed from the charge. Both the 
variables, rate of heating jynd fate of completion of the c&rbonising reactions are 
dependent, am ng/t other factors, upon the ratio of the mass to the surface of 
the charge. ( ‘ , t 
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THE EFFECT OF THE TIME-ELEMENT ON THE YIELD OF GAS 

• « 

connexion Vjth the effect of the time-element on the yield of gases, results 
oi interesting experiments on a works scale are given in the Report of the Fuel 
Research Board. 1 In these experiments the variations in the rate of evolution, in 
the calorific value and the density of the gas at different stages of the carbonising 
period were determined at a constant retort temperature of 600° C. • 

The graphs of typical results on a tiftie basis are shown in Figs. 6, 7, 8 and 9. 
It will be seen that there is an initial rapid evolution offineA gas, probably chiefly of 
steam and carbon dioxide, ^though some of the effect observed ut due to expansion 



of cold air which iB admitted with the coal eliarge. The rate of evolution then drojis 
to a mifumum at a Rout 30 minutes, but |jiter steadily rises to a ma xim um at about 
120 minutes, after charging, but is sustained for afebut 20 uiiuutes only. The peak 
in the curve of calorific vfilue occurs at ajiout 1^ hours after jhargiug, where it 
reaches a value of jljlut 1200 B.Th.U.; bu^ it will be noticed that, after about 
21 hours, it drops very rapidly to about 700 B.Th.Ufand less, The specific gravity 
starts at a maximum value, and drffps steadily to a fairly jjonslrfht figure at 2 j hours 
and onwards. It thus follows that, from flic standpoint of th/ yAdd of gas, there* 
is no advantage to be ^tined in “ ste fling ” the coal fTy an i»idefinite period, since 

* Fuel Research Board. Report f8r the years 1920-1, Second section: '^X>w Temperature 
CarBonJation.’y (H.M. Stationery Office.) * J a % 
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the increased quantity of gas to be obtained is small. Fig. 10 sho^s a typical gas 
evolution curve for the laboratory assay apparatus for a similar coal to that from 
which Fig. 8 haR bee*, obtained. It will be seen that these curves present a refnark- 
able similarity in shape. * 

THE EFFECT OB THE TIME-ELEMENT ON THE STRUCTURE 
; OF THE COKE 

» i O' 

The effect of the time-element on the, structure’of the coke is of considerable 
importance. This is disc used* very fully in the report already quoted, and to 
which further reference should be ms le. It has already been pointed out that small 
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Fia. 7 .—Carbonisation in Horizontal Steel Retorts of Dalton Main Coal {Sample L). 


detached particles of coal can be carbonised by radiant heat in a few seconds,£but 
that 20 grammes of finely ground coal are only carbonised in the a6Bay apparatus 
when a temperature of 600 n C. is .maintained for at [east twenty minutest Thus, 
as the ratio of surface to mass ■ .s decreased, tne “ time-element. ” in carbonisation 
becomes important. This has .clearly an important bearing on the problem of 
carbonising material in thin layers.__ •> _ 

On the other hind, any atti mpt to take advantage of the rapid action of radiant 
heat introduces certain undesirable complications when^the coke is required for 
domestic purposes. f In the earlicT experimental work at H.M. Fuel Research 
Station, when coal was caibojiised in shallow trays in the plant described on 
page 220, it was fij.iind that tbie effect of the radiant heat from the crown of the 
steel letort was to carbonise the lurface layers so rapidly that little or no psncral 
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fusion had ta!»(n place. This effect was so great that, in a layered material one 
inch thick, the strength of the final coke was adversely affected. Although the 
disadvantage war obviated by placing a steel plate on the of the carbonising 
mass, this solution Ad the difficulty was, of course, undesirable from a manipulative 
sv.ndpoint. It should be noted in passing that the reduction of the 11 time-element ” 
by the utilisation of radiant heat would be of considerable advantage if the resulting 
fuel could be used cither in the form of powder qr as the ^material in a briquetting 
process. 

In consequence of this experience a thicker layer . f material was used and the 



Fio. 8 .—Carbonisation is Horizontal Bran Retorts of Dalton Main Coal (Sample 2). 


carbonising trays were divide it into square cells by means of grids made of half-inch 
steel strips, in order to assist in heat distribution by conduct ion and so compensate 
for the increased thickness of the coal mass. BlCdcs of fuel were thus prepared, 
and those of three-icqn cube were found the most satisfactory. Five of the six 
sides of the blocks being in contact with the steel surfaces were sfhooth and glazed, 
, the Bixth side being rough. The hfgh heat conductivity of the'steel facilitated the 
flow of heat to the material in the centre, alid so reduced the tl>aet)f carbonisation, 
and the blocks were foetid to he of mnform structure. Further useful information 
could be deduced from the fact that under these conditions theqrrcjmcc of a layer 
of finely powdered coke on tire free surface gave dVldencn when the mixture ot coal 
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employed was efficient in caking power. Such blocks weTe adopted /a the standard 
form of fuel produced by this particular process. 

The effect of tie passage of volatile gases through the mass of,coal is of import¬ 
ance, especially during the cementation period, i.e. during tbfo neriod when' the 
temperature lies between 350° C. and 450° C. < < 

During thiB period the. material is very resistant to the passage' of gas, and, 
while the effect of this pray not : he pronounced when the material is treated in ' 
thin layers, the effect when it is heated more o t less in bulk, as in certain 



typeB of vertical retorts, may be very marked. Consider, foT example, the material 
in a vertical retort which is externally headed. Owing to the poor heat conductivity 
of coal, the zones of temperature from the walls inward nay be taken to vary 
somewhat, as shoym in Fig. 11. The material in zone A being above the cementation 
temperature lias solidified and will 1 3 pervious to the gas. Th.i material in zone B 
being at the cementation temperature and in a plastic condition prevents the flow 
of ga6 from C to A jr A t'j C. As the heat is further transmitted to the coal, the 
plastic envelope trivelp towards the centre of the core. The fusing of the coal 
tends to resist the,,flow of .the*,gases, forcing a large proportion of them to escape 
through the enter layers of material at the higher, temperatures. In order to 
prevent the pressure within thd retort rising unduly, and to facilitate the transfer 
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of heat to th^interior by the medium of the carbonisation gases, kt is desirable in 
tuch cases to use screened coal of uniform size, or to stop the expansion by other 
means, such as ’'lending. 



_ i-1-1-1-1-1-rr, 

Tinp, 300 3S0 4 » *60 SOO £60 600 C. - 

Fio. 1(1 .—Gah Evolution Curve in Low Temperature Assay Apparatus op 
• Dai.ton Main Coat.. 


The effect oi these aspects of the time-element on the carbonisation of coal at 
low temperatures is thus of great importance, and should be closely studied by 
those interested in the design of a full-scale plant. 


THE EFFECT OF*THE TIME-ELEMENT ON THE YIELD OF TAR 

% 

The changes likely to be brought about by modifications in the elements of 
carbonisation are dealt with morc*fully in Chapter XIII. J + : however, desirable 
to note at this stage that the effect of the time-element on the yield and quality 
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Fra. ll.-^o.iEs of Temperatcre in Externally Heater Vertical Retorts. 

* 

of tar is roughly in conformity ijith its effect on the gas. fThc influence of time 
is bound up with the speed at which the far vapours are removed from the heated 
zones ; thus, if their rejpoval be very slow, the tar vapours .will experience secondary 
decomposition, with the production of lighter f. act.one, gaa, carbon and pitch. 
The yield of oils will be decreased, and the chajacter of the CodiVv formed begins 
tc change from paraffinoid to bcnze.noid structure. * 
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Time has a]Yo another effect quite apart from changes due to prolonged heating 
of the oil which has already been formed and vaporised. During the carbonisation 
of coal there will be h period when tar formation is at a maximunt rate, after which 
it falls off in somewhat the same manner as we have already 6edn in the case oi the 
gas. That is to say, oils will still continue to be given off, but in rapidly diminishing 
quantities. As in the case of the gas generated, a moment will be'reached when 
tar formation, while stilJ.continuing, will be so small as to render it uneconomical 
to prolong the carbonisation any further for oil production alone. In most practical 
casdfi, however, carboniartior. is carried out at such a temperature that the evolution 
of tar is practically complete before the rate of evolution df gas has fallen to such 
a figure as would render it uneconomical to continue carbonisation. 

C. THE AMOUNT OF HEAT REQUIRED FOR CARBONISATION 
EXOTHERMIC AND ENDOTHERMIC REACTIONS 

The amount of heat required to produce the necessary chemical and physical _ 
changes for the carbonisation of coal is not large, but its economic importance 
varies according to the method of carbonisation adopted. 

The problem is one of extraordinary complexity, since the original coal is a 
heterogeneous material containing a large number of chemical entities which react 
together under the influence of heat to produce solids, liquids ami gases of equal 
complexity. When a reaction takes place between two chemical compounds, heat 
is either absorbed or evolved. If the reaction is accompanied by au absorption cf 
heat it is said to be endothermic, while if heat is given off the reaction is termed 
exothermic. Thus^ N carbon is burnt in oxygen, according to the reaction 
C -j- O s = C0 S + 97,000 calories, heat is given off to the extent of 97,000 calorics 
per gramme molecule of carbon dioxide formed. The reaction is therefore accom¬ 
panied by a rise in temperature of the product, and is exothermic. On the other 
hand, if carbon be made to combine with hydrogen according to the reaction 
2C + H s = C a H s — 48,000 calories, heat is"absorbed to the extent of 48,000 calories 
per gramme molecule of acety/5ne formed. The reaction can ouiy take place if 
heat is supplied, and is therefqje endothermic. This heat apparently disappears 
as such, but still femains as energy in the substance or substances formed, ami this 
energy can be regonerafed intv heat 'units by suitable meanstf 

*. * r # 

THERMAL BEACflOXS IN COAL AT HIGH TEMPERATURES 

In the carbonifjation of cdfel we find exothermic and endothermic reactions 
taking place si^iulfancously. These tend to balance each other thermally, and the 
net result isAmly exothermic fir endothermic to a slight degree. ‘Work <jn I his 
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subject has Iften carried out by Mahler 1 in 1891, Euch^ne* in 1900, Constam and 
Kolbe* and Schlapfer 4 in 1908 and 1909, and Hollings and Cobb 6 in 1914 and 1915, 

Mahler deter mined for a certain type of coal in his bom# calorimeter the heat 
of 'combination of the coal, and also that of all the products of carbonisation, finding 
that the latter was less than the former by some 459 B.Th.U. per lb. of coal, or 
about 2| pei cent of the heat in the original coal. 

Euchfene compared the heat of formation oj the distillation products with the 
heat balance of a retoTt setting, and for coal of a sin.ilar ultimate chemical 
analysis to that U6ed by Mahler found an evolipioj of heat during the reactions 
of 114 B.Th.U. per fb., or say 0-C per cent. In his paper Euchcne discussed 
observations made with three types of coal which differed in their content of 
oxygeh and also in their volatile matter, ail of which showed a liberation of heat 
during the distillation. The anfounts apparently liberated in his experiments are, 
however, very Binall (always under 1 per cent), and are therefore of an order 
comjwrable with the probable percentage error of his experiments. 

Constam and Kolbe, using the method adopted by Mahler, worked on typical 
English coals, and obtamgd fijnrea for an evolution of heat varying between 6 per 
cent for a Nottinghamshire com*and 21 per cent for a Welsh steam coal. 

• 

THERMAL REACTIONS IN COAL AT LOW TEMPERATURES 

The whole of the w r ork mentioned above refers to the overall evolution of heat 
during a process wherf coal is distilled by subjecting it to temperatures which 
'increase from atmospheric at the commencement to the temperature associated 
with high temperature carbonisation/ Little work of a quamdative nature has up 
to the present been attempted wfiere the maximum tempo,«.i Lire has been limited 
to those associate*! with low temp nature carbonisation. Hollings and Cobb" have, 
however, compared the temperature changes which occur in a s'ample of coal when 
it is heated and distilled by a definite inflow of heat with those which occur during 
the heating of a similar sample of inert material by a similar inflow. In this way 
they Lave succeeded in tracing the course of the exothcrmicity nr endothermicity 
of the reactions which take place ft* the different temperatures. Bituminous coals, 
anthracites, cannel and cellulose were examine,/, and they wore able to detect 

1 Mahler, A. 11 Sir I*Distillation do VHouille. 1 * ‘'omytfii Rcndns t 1891,113. 802. 

1 Kuchfenr. “Thermic Roartionft in the Distillation of OtkJ/' Jmtrn. (la* lighting, 76, 1080,1900, 

* Constam and Kolbe, ** RurKj&rcheajjn the Carbonisation of T- pieal English Coals,' 1 Jonrn. of Gi6 

Lighting, 107,690, !9U9. * * * 

4 Suhl&pfer. “ Study of tho Carbonisation of tie Chief Tvnes of Coal,' ‘ foi/r/i, of Gas Lighting . 1C1, 
382, 1908.1900. , 

* Hollinge and Cobb. 4 A Thermal Study of the Carboillation Process.” Gas Journ., 1914,126, 
917 ; Trans. Cketn. Soc. t 19J5, 107, 1106; Fud t» Ncivnrt and Fmttice, N r <tv.. if23. 

e Hollings and Cobb. u A Jhermal Study of the Carbouiyutkm Proce^S.” Joutn., 126, 917, 
1014 ; Trane. I'Aem, Soc., 1916,107, UOO; Fud in Sci<n& tnd Frgctiu, Nov., life 
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“ a number of (airly well-defined stages during which exothermic yr endothermic 
reactions predominate.” In their summary Rollings and Cobb state : “ In the case 
of the Monckton^coftl used, the distillation, so far as it is revealed by thermal 
changes, commences at 250° C., and endothermic reactions predominate up to 41 ft’ C. 
This is followed by a short exothermic stage between 410° C. and 470° C., and a 
second endothermic period between 470® C. and 610° C. The exothermic stage 
above 610° C. is always v$ry pronounced, and is interrupted between 750° C. and 
800® C. The probability that exothermic Reactions continue to some higher tem¬ 
perature has already beyi dipcusecd.” 

It will be seen then that, although the overall reactions associated with high 
temperature carbonisation appear to be exothermal, it 1 -does not follow that this 
will apply to the results of a low temperature carbonisation method. If. the tem¬ 
perature be limited to 600° C. in the case of the coal used by Hollings and Cobb, 
we have endothermic reactions commencing at 250° C. and continuing until 610° C., 
with a break between 410° C. and 470° C,, during which there is a short exothermic 
stage. For this coal, at any rate, it is possible that the overall reactions during 
low temperature carbonisation may be either neutral or slightly endothermic. 
It may, however, be pointed out that in most of .the coals which have been tried 
under low temperature conditions at H.M. Fuel Research Station the potential heat 
in the products after cooling to datum temperature has been less than the sum of 
the potential heat in the raw coal and the sensible and latent heat of any steam 
used. It must not be forgotten, however, that the results of such determinations 
include the sum of all the errors made in the necessary measurements. 

In large-scale work, where experimental conditions are necessarily more crude” 
the effect of heat loss by radiation, etc., which cannov be directly measured is so 
great as to obscure t£e relatively smaller effect of the heat balance of the reactions 
which take place in the coal substance, 

•THE HEAT BALANCE SHEET IN PRACTICE 

Consider the heat balance sheet for co$l carbonised in a Iarge-tcale plant at 
any given temperature. On one,sfde we have all the beat entering the system, 
this being the sum of, the potential heat of the coal, the heat both sensible 
and latent of any f^eam used, ana the heat, supplied by the combustion of the fuel 
burnt in the setting. Or the other side we have the potential h_*at in the products 
—coke, oil, gas anu liquor—after they have been cooled to the datum temperature, 
the heat both sensible and .latent of these products as thty are removed from the 
retorts and which' haf been mainly abstracted in the condensing and cooling plant, 
the heat present in the products of combust ion of the fuel burnt as they leave the 
setting, and the AeaV lost from the setting by radiation, conduction and convection 
to surrouncli ng^bodies, •» 
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. *05 

If all of thqse were capable of accurate measurement the two sidfss of the account 
would balance. In practice even with the most careful measurements a balancing 
figure would becrequircd which would represent the algebraic sum of the errors 
made in the separate measurements. While experiments have been attempted 
ir. high temperature practice with an approximation to the degree of elaboration 
quoted above, there lias as yet been no such work carried out for low temperature 
processes. # 

If again we consider the heat balance sheet for the retoiie only, we have fin one 
side the potential beat of the coal, the heat both* sereiblo and latent of any £eam 
used and the heat which has passed through the walls of the retort from the heating 
chambers. On the other side we have the potential heat in the products of carbonisa¬ 
tion af^er cooling to datum temperature and the heat both sensible and latent of 
these products as they leave the Retort. 

It is often hecessary when considering the design or application of any type of 
retort to form some opinion as to the amount of heat which it will be necessary 
to supply to the setting in the. form of fuel burnt. On one side of the heat account 
for the combustion chambers k wc have the potential heat supplied to the setting 
whilst on the other side we hav!. the heat passing through the retort wall to the 
charge, the heats lost in radiation, conduction and convec tion and the heat both 
sensible and latent in the products of combustion as they leave the setting. Of 
these an estimate of the loss by radiation, etc., may be made from analogies with 
plant of a similar nature. 

With regard to the heist which must be passed through the retort walls to the 
enlarge a consideration of the retort heat balance will show that this can be obtained 
by subtracting the sum of the potential heat in the coal am* ^ >• sensible and latent 
heat o' any steam coal used from the sum of the potential hear in the products after 
cooling to drtum temperature and the sensible and latent heat of the products of 
carbonisation as they leave‘the retort. • 

In practice the potential heat in the products i» less than that in the coal and 
steam charged, and the following ex a mules of the difference as obtained from two 
types of plant are quoted from experimental Wore at II M. Fuel Research Station: — 

Horizontal Retorts (described on page 220). 5-3 per cent .of potential heat in coal. 

Vertical Retorts (Technical Paper No. 7,.Fuel Research BoardJ, 1'3-3-7 per cent 
of the sum of potential heat in coal and in steam supplied.. 

If. then, figures of this magnitude are subtracted •from an estiritate of the sensible 
and latent beat of the products as They leave the retorts an idei* ran be obtained of 

the heat which must be supplied through tlfh retort wall in order to effect the process! 

• • • 



CHAPTER VIII 


TECHNICAL PROBLEMS-METHODS OF HEATING 
THE MATERIAL 

INTRODUCTORY 

« 

Turning now from tlx* study of the chemical and physical aspects of tiie subject, 
it is desirable to discuss .certain general principles affecting tho design of plant 
required for low temperature carbonisation before attempting to describe some 
typical retorts already tried or proposed. ■ In this way the possibilities and weak¬ 
nesses of these retorts may'perhaps be the better appreciated, and the prospects 
as well as the difficulties of the different processes may be tlfc more easily appraised. 

Retorting systems may be broadly divided into three main groups. In the 
first, the crushed coal is exposed in thin layers in a gas-tight retort or dhafhber to 
the action of heat, which is passed through the walls of the retort from an outside 
oven or combustion chamber, and is distributed to and through the mass by con¬ 
duction, radiation and convection. The layer of coal is maintained in repose during 
the period of carbonisation—that is to say, it is not mechanically turned over for 
the exposure of new surfaces to the action of the ifeat., 

In the second, the crushed coal is exposed to hieat in an externally heated gas- 
tight chamber in which it is mechanically stirred and turned ofer, so that fresh 
surfaces arc exposed to the radiated, convected and .conducted heat from the walls 
of the chamber. Retorts of this type may be horizontal, vertical or inclined, and 
the turning over of the coal may be effected by the action of gravity or by the 
movements of mechanical apparatus placed within the retort for the purpose. 

In the third, the crushed coal is exposed to the action of heat derived from the 
sensible heat of a large volume of producer gar,, superheated steam or some inert 
substance which is passed over and through the mass of broken coal. If producer 
gas is used, it is cither generated by the combustion in a mixture of Kir and steam 
of a proportion of the coke which results from carbonisation within the producer 
itself, or is generated in a separate gas producer fed with an independent supply 
of coke. » , 

Differentiating by the method o*f he at imp these groups form two classes. Groups 
one and tw T 0 fall together m ari" externally heated class of retort, and gToup three 
forms an internally heated claslc Even with this classification there is a certain 
amount of overlapping, since retorts'have been suggested width combine external 
with internal heatpig in one apparatus. 

The methods of supplying heat for the carbonising process have a very important 
Scaring not only hi determining the design of the retort and in modifying the products 
of carbonisation, but also possibly in fixing a maximum working limit to the thermal 
efficiency of thp process. “ 

In the ca£e' of the externally heated retorts the mateiial to be'carbonised is 

10G 
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supplied with* heat through the walls of the retort, i.e. the hot due gases or the 
flames from the source of heat do not come in contact with the charge within the 
retort. In the ease of the internally heated retorts the material to be carbonised 
is Heated by direct contact, i.e, by passing the hot gases or other substances into 
the tetort and bringing them into intimate contact with {ho charge. The differences 
brought about by these alternative methods are so great Hurt it is essential to discuss 
them in some detail. Before doing to, however, it wrj) be desirable to consider 
some points affecting the size*of materiel employed for processes of low temperature 
carbonisation. . • * 

SIZE OF MATERIAL 

Tlwre is great variation in the sizes of material which inventors have attempted 
to use in the different processejj of low temperature carbonisation put forward by 
them. The maximum size for certain proposed installations is given as 21 inches, 
but for others only \ inch or even less. In one process, which at the present time 
gives indications of great promise, the most desirable size is given as double or 
treble nut, the finer sires being screened out. In most cases, however, especially 
when blending is adopted? it is advantageous to have the material crushed, so that 
the pieces have a large surface in proportion to their volume, The weight of a 
given volume of thJ material is increased by its tine division, the mixing can be 
made more intimate, and the resultant coke is improved l»th in density and 
robustness. 

Many experiments liave been carried out at ILM. Fuel Research Station to 
‘ktcrmmc the influence of the size of material on the rate of its carbonisation in 
trays in externally heated retorts, and on the robustness of the resulting coke. It 
was found tliat coal crushed and "eft on a 4-mesh sieve dick:.*<t give a satisfactory 
, coherent coke. It could be broken down very readily, and would not be suitable 
for transport. On the otligr hand, by leaving the dust and finer particles in the 
crushed coal, the resulting coke was much more robust. It was found that the 
thermal conductivity of the material was also improved. In the experiments on 
low temperature c%rbonisation described in the Report of the Fuel Research Board 1 
the standard of fineness was taken,to Ife that of ^rushed material which had been 
passed through a disintegrator of the double cage type. Table XXII taken from 
that Report gives tli* typical proportions of particles of various sizes after disin¬ 
tegration in this sAthine. f 

The best degree of fineness fyr material to be carbonised un certain typos of 
continuous vortical retorts is not, howeveL the same as that fyr material carbonised 
in trays in a horizontal retort. Similar experiments «to determine the best size of 
material for carbonisation at low temperatures ift one type of externally heated 

♦ 1 Beport o^tho Fuel ResearA Board (or tbc years 102$,«f 921; Second hectic#* “ Low Tempera¬ 
ture Carbonisation,” (H.M. Stationery Cilice.) , • 
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vertical retort, where gravity is relied upon to secure the continuity»of the process, 
are described in a further Report of the Board. 1 Two retort* were charged with 
disintegrated coal anil two with uncrushed coal (nut size). The uncrushed coal gave 
good results, whereas the disintegrated coal did not apparency .move uniformly 
down the retort. <■ * 

Sr 

,. TABLE XXII 

'» t 

Typical Proportion of Particles of ' Various Sizes used in Experiments 
i*r If.M. Fuel Research Station 
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The weight per cubic foot of Dalton Main coal so treated was 49 lb. 


but formed a hard crust, which moved slowly down the walls and allowed partially 
carbonised coal to pass more rapidly down the centre. The size of coal successfully 
used in the experiments described in this Report was :— 


Amount remaining on 1-inch sieve 

it it ,» J-inch ,, 

„ i-inch „ 

passing |-inch sieve 


20-4 per cent 
73-8' „ 
89’5 „ 

10-5 „ 


It should he noted that, in the vertical retorts used iii the Scottish shale industry, 
the shale is passed through in lumps of fairly definite size. In such cases the open¬ 
ness of the material undergoing carbonisation allows the free play of convection, 
currents, and so facilitates the passing of heat to the interior of the charge, with 
the result that a more ..uniform* distillation is effected. It ^ill he seen then that 


the results of experiments with tv.al in vertical retorts at H.M. Fuel Research Station 
are quite in keeping with the long experience of the shale oil industry. 

Experiments on the effect of the degree of fineness of coal in high temperature 
practice have also'hcen rng.de by Mr. T. Bidduiph Smitlt 2 Material of the three 
‘degrees of fineness given in Table XXiII was carbonised in a coke-oven under 

I v 4 

1 Fuel Research Board TechrPap-r No. 7. “ Preliminary experiments in the Low Temperature 
Carbonisation of Cdal in. Vertical Retorts.” (H.M. Stationery Office.) 

■ Eiddulph-ft ith, T. •' Effect of^me Physical Conditions luring Carbonisation of Cosl "pon 
the Quality of Coke Produced.”r Coke Oven Managers’ Assn., I9th April, 1022. *' 
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similar conditions, and the strength of the resulting coke measured* These readings 
show that the gain in the strength of the coke obtained from finely ground material 
is very great, allhough in this case it must be pointed out ^hat the coke, being 
made at a high temperature, was for use in a blast-furnace, and not in a domestic 
fire-place. , 

' TABLE XXIII 

Strength of Coke of Varying Decrees of Fineness (Biddulph-Si»th) 



Ne. l! 

• NV 2, 



Per Celt. 

Per Cent. 

Per Cent. 

Between I in. and i in. 

Nil. 

Nil. 

30-5 

Between I in. and A in. 

Nil. 

37 

27-0 

Between A * n - A m - ■ ■ 

Nil. 

51-8 

31-3 

Between A in, and A in. 

Nil. 

29-5 

29 

Between A in- and A in. 

Nil. 

10-0 

1-8 

Under A in. 

100 

5-0 

0-5 


—_ 

— 

— 

• 

. * 

Crushing stress of the resulting 

100 

100 

100 

coke —»1!>. per sq. in. 

1003 

595 

212 


The effect of the subdivision of the material on the homogeneity and porosity 
of the coke iB of great importance. Reference may be made in this connexion to 
the results obtained by‘Sutcliffe and Evans on the briquetting and carbonisation 
oTTsIvcriseiMucl. In the process developed by these inventors finely ground coal 
is briquetted cold by subjecting it without any added binder tire pressure of 10 tons 
per square inch. The coke obtained on carbonising the briquettes is more dense 
than ordinary gas«or inetallurgicaFcokc, and its homogeneity is remarkably good. 

Such a treatment befdle carbonisation renders it possible to combine the 
advantages of hardness and closeness of texture associated with the use of finely 
divided material with those advantages more usually associated with the use of 
nvateriSl in the luftp form.* 

These do not, however, cxluuibD the considerations which tend to determine 
the size of the materiaf foT particular processes. 4’he cost of grinding the material 
into fine particles is»ot*great importance. Mug:over, in certain cases—for internally 
heated vertical retorts, for example—there must iftt Vo too larjy a proportion of 
“ fines,” otherwise the material telide to pack in the retort, aittf mechanical meatiB 
may have to be adopted to secure the continuity of the proctss * In addition, th? 
evolved gases cannot pfffes freely throhgli the retorf an]} tend to form channel ways 
through the material, thus preventing the uniform coking of the rfiarge. It must, 
however, he *ounted a disadvantage in connexfdli vritji any prowls if it Vjects 
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the fine coal, since the working costs are simultaneously increase/! by the non* 
utilisation of a portion of the fuel available. 

Whether the retdrts are externally or internally heated, the seating effect of 
the gases evolved from the material is of some importance in'reducing the time 
of carbonisation. In vertical retorts part of the carbonisation is effected by the 
hot gases from the lower parts passing up through the incoming charge. This 
effect is perhaps more noticeable with those coals which produce large quantities 
of gas. It is desirablfe that the material ohould not be in such a condition that 
on carbonisation the gases of' distillation are restricted in their freedom in passing 
through the material. 

A. EXTERNAL HEATING 
PROBLEMS OF EXTERNAL HEATING 

When the heating is effected externally, the hot flue gases are circulated round 
the body of the retort, and the beat is transferred through the walls to the charge 
within. The retorts used in the gas industry are rf this type, and it is probably 
on this account that the great majority of the proposed retorts for low temperature 
carbonisation are in the same class. It Bhould be added that the minority, the 
internally heated type of retort, form a small but important class. 

TRANSFERENCE OF HEAT 

In the following discussion on the question of transference of heat to the charge, 
the influence of the thickness and of the material of the retort r.T.lxs will not be 
taken into consideration. There is in every externally heated retort a certain 
temperature drop between the outside and the inside surfaces of the retort, but 
reference will be made to this in a later section. It is desired at tnia 6t&ge to discuss 
the heat transference from the inner surface of the retort to the material which is 
being carbonised. In this transference, conduction, convection and radiation play 
important parts. 

It is known that coal iB a very'poor conductor of heat, though it is difficult to 
give precise data for ifj conductivity or non-conduct,ivity. The thermal conduc¬ 
tivity of metalB and some othef* substances can he fairly accurately determined, 
but that of coal and carbonaceous materials in general cannot fie precisely obtained. 
The physical characteristics anil .chemical composition of coals vary considerably ; 
and, more important still, chemical and^physical changes occur at even relatively 
low temperature^. * ( , 

Apart from these variable features, the coal in practice is broken into small 
pieces before ^yjngsfed into the retort, and the unknown variations in the inter¬ 
stitial spaces are a further difficulty in determining precise data o». the rate** of 
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heat transference through the coal. The influence of tightness of^packing in well 
illustrated by some experiments made by one of the authors on the apparent 
conductivity of -ijag wool contained between two plates of shdftt iron. If the wool 
were packed solidly, so that its apparent density approached that of the solid slag 
of,wlych the filaments of the wool are composed, we should expect the conductivity 
to approach tjiat of slag, and therefore to be high. Again, if tho space between 
the two plates contained no slag wool, there would be jree play for convection 
currents, and the flow of heat'from plate,,to plate ‘..’ouid again be high. Th^feffect 
of the wool (the material of which is an excellent Conductor of heatl^sTo pretent 
the free play of convention currents, and so we get little heat passing. Fig. 12 



illustrates the effect of varying the density of packing. On the Icftf-kand side of 
the diagram the packing is light, and convection currents are insufficiently repressed. 
On the sight-hand tdde of th$ diagram there is‘little convection, but the heat is 
transferred readily by # conduetion thiougf! the material of % wool. At the centre 
we find a point of minimum apparent conductivity corresponding to a density of 
packing of 10 lb. pej cA. ft. 

A similar effect is to be expected, and indeed can be observed, in the case of 
coal of varying fineness, byt exact figures are not af present available. Calculations 
’ on the flow of heat through the coal are Accordingly based <5n works experience * 
rather than on laboratory experiment* It is found«th!U the time of carbonisation 
of a charge is affected not only bj the mode of beating, but also by* the size of the 
material and ^ie thickness of the layer employed** ' " 
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In this connexion some experiments are published by Mr, Nielsen 1 which illus¬ 
trate the slowness with which heat passes to the interior of a fairly tightly packed 
charge. A slab of coke from coal slack, about 3 inches thick, canonised by being 
heated on one side only for about six hours in an externally h (Sited vortical retort 
at a temperature of about 600° C., was carefully divided into four sections, parallel 
to the retort wall. The percentage of volatile matter in each section was deter¬ 
mined separately, and tM: results arc shown plotted in Fig. 13. It will be seen 
that lue volatile matter varies from 101' per cent hear the retort wall to about 




0 20 40 GO 80 

Thickness in m.m. ot Coke in Retort 
measured From Retort Waft. 

. Ffa. 13 .—Pekcextar e or Volatile Matter Lett id 
Low Temper store (Joke (Exterxaii^y Heated 
Retort). 

13£ per cent at the centre of the charge. That is, in a given time the material 
near the retort walla is carbonised more than the pate rial ft tho centre of the 
charge. This lack of uniformity in the carbonisation must-be attributed mainly 
to the slow rate of heat transference across the coal. 

A report of the Fuel Research Board 2 recently publislredj.gives an account of 
some interesting" observation of the temperature conditions in a Glover-West 
retort in which ciperimeijtfi in Carbonisation at low temperatures were being con¬ 
ducted. The clyirgt consisted of a mixture of a strongly swelling coal (Mitchell 

Main) with a non-swellfng doal {Ellistown Main) in the penportion of GO per cent 

• * * 

• Nielsen, Heralds “ Producer Gas for Furnace Work. » Engineering, 24th March, 1922. 

‘ fuel ReidAih Board. Technical diaper No. 7 : “ Preliminary Experiments in the Low Temnera- 
,ture Carbonisation of Coal in Vertical Retorts.’’ (H it. Stationery Office.) 
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of the former to 40 per cent, of the latter, this mixture having proved to give a 
satisfactory coke on carboniEation at 600° C. in the horizontal jetorts at II.M. Fuel 
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Research Station. A thermocouple was inserted inf a k>ng metal tul>e extending 
down the centre of the charge in* the retort, and ^readings weif t;a^pn at points 
2 feel apart. <The graphical representation of the results, given in Fig. 14, are 
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reproduced froni the Report by permission of H.M. Stationery Office. The following 
conclusions from^the graphs are also given in the Report:— 

I t 

“ With no steaming the temperature at the centre of the retort rises v e ry 
slowly, while the coal traverses a distance of 12 feet. Thereafter it rises more 
rapidly for 5 feet, and' then very rapidly at a distance of 16 feet, or 3 to 5 feet 
from the base of the retort. At the base it finally almost reaches the temperature 
of tjhe combustion ^chamber imfnediately opposite 

r- “ steaming, the rise-of temperature is more rapid, an accelerated rise 
being obtained at about 10 feet from the top. The maximum attained is not so 
high by about 100° C. as wit!, no steam, but appears at a level fully 2 feet 
higher in the retort. 

“ The tendency for the coal to hang up in the retorts for short periods, and 
then travel rapidly down for a short distance, causes a good deal of uncertainty 
in such temperature measurements, and it is only by continued poking that 
even reasonable results are obtainable.” 


TREATMENT OF MATERIAL IN THIN LAYERS 

The fact of the slow rate of heat transference through coal is reflected in one 
of the primary principles in the designing of externally heated retorts, viz. that 
the material must be treated in relatively thin layers. There is a certain amount 
of experimental justification for assuming that the time required for portions in 
the interior of a mass of coal to be heated-to a temperature wi^Jpv. - few rfcg.eea 
of that of the hearing surface varies roughly as the square of the distance from 
that surface of the portion considered. If therefore the flue temperature is kept 
constant, the time required to carbonise a mass'of coal 12 inches thick is four times 
that required to carbonise a mass C inches thick, and even then the degree of 
carbonisation will not be uniform. 

The bearing of this on the economics of the process lies in the fact that the 
throughput of a retort varies directly as the mass of charge, and inversely as the 
time of carbonisation.. The throughput of a retort, is a very-important commercial 
consideration, and should be a maximum, so long as the products of carbonisation 
do not suffer thereby. In ordeT to minimise the time ot carbonisation there is 
therefore an uppejr limit of*pos.»ibly C inches, to the desirable thickness of the charge 
within a retort, if the heading is to be effected iolcly by conduction from the «utcr 
surfaces, and if a commercial throughput is to be maintained. Many devices have 
been used, such as the subdk'idtfl trays of the Fuel Re search''Board and, as the webs in 
the Tozer retort, whereby the mass of material within the retort is broken by metal, 
which* allows An increase .in the cross-section of the fetort without'increasing the 
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thickness of the mass to be carbonised. These devices will bo described in a later 
section. t > 

The time for Ibe complete carbonisation of coal depends, however, upon another 
equally important factor, viz. the time required to remove the gases and oil vapours 
front the charge. It may be surmised, for example, that the time of carbonisation 
of non-fusibk coal is less than that of fusible coal. With non-fusible material the 
evolved vapours may escape freely through tlr. interstitial spaces—unless indeed 
the charge is very closely packed—bu„, with fusible materials, the cementation 
period delays very considerably the time of carbonisation" since th-' evolved gases 
have to force their way through a viscous envelope. In the case of both fusible 
and non-fusible coals, the ratio of mass to surface exposed to heat, has an impor¬ 
tant bearing upon the time required for carbonisation. 

The “ time-element ” for the* removal of vapours must therefore be taken into 
consideration In determining the thickness of the layers for carbonisation. From 
the standpoint of the conduction of heat, it is advantageous for the thickness to 
be reduced; from the standpoint of the time required for the completion of the 
chemical reactions in the cpal. there is no advantage in using very thin layers. 

EFFECT OF RADIANT HEAT 

This position is strengthened when the effect of radiant heat is also taken into 
consideration It has already been pointed out tliat under radiant heat carbonisa¬ 
tion is effected. '?o quickly that the surface particles have not time to fuse, and the 
n-hiihuig cob of completely detached particles. This is not a defect when 

the resulting *■■>' is to be briquetted, or can be used in powder form; but it pro¬ 
hibits the us; of the fuel for domestic purposes when the proportion of breeze 
• must of necessity he small. 

• 

EFFECTS OF STIRRING 

There is a further possible method by which the time of carbonising may be 
reduced, viz. by continuously stirring qr moving the material and bringing fresh 
surfaces into intiraato contact with the hot sides or the retort, or with the heating 
gases. In the case of fusible and semi fusible coalte, especially if the motion occurs 
during the cementation period when the mrterial is in a« semi-plastic condition, 
this subjects the product to a certain amount of'shearing actidh, and causes all 
. the lumps of coke to disintegrate. The resulting residue is too fine to be service¬ 
able ; or if not too fine, it is too friable for economic purposes-. This is a fatal 
defect in any system which depends for its succession the sale of the residual coke 
as domestic fuel, for, owing to 'the high price of the binding material and the 
absence as ytt of a satisfactory smokeless binder, the possibility of post-briquetting 
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must, in general , : bo seriously discounted from a commercial standpoint. Although 
small fuel is serviceable in a producer, there iR a limit to the fineness when thus 
employed, on account of the increasing resistance offered by the'fuel bed to the 
passage of air and steam as the proportion of “ fines becomes greater. 

A further notable disadvantage of stirring is that the coke dust mixes withe the 
oil products, making refining expensive and increasing the working difficulties 
through the blocking of the eduction pipes. 

It i£ interesting in r this connexion to i.ote that, in the primary retort of the 
carbbcoal process, the material is continually stirred and moved through the retort 
by the revolving paddles. A friable residue is the result, but as the material is 
briquetted with pitch before it is passed through the secondary retort, this technical 
disadvantage is nullified. '■ 

Reference may also be made to the work of \Y inmill 1 on the low temperature 
distillation of inferior coals. The coals tested had an ash content of more than 
50 per cent. The apparatus used was designed for rapid carbonisation, without 
consideration of the effect upon t he residuum. The material was therefore con¬ 
tinuously and vigorously stirred. This certainly reduced the time of carbonisation, 
but also had the effect of reducing the residue to a fine powder. It was found, in 
consequence, that the choking of the eduction pipe of the retort was so trouble¬ 
some that the speed of the stirrer had to be very appreciably reduced for optimum 
results. 

EFFECTS OF INCREASING FLUE TEMPERATURE 

1 

The time of carbonisation of the charge may likewise be reduced bv increasing 
the temperature of the flue gases. Clearly the rise in temperature of the centre 
of a charge will increase with the rise in temperature of the inner surface of the 
retort wall. Any increase of the flue temperatur over a certain limit will, however, 
have very serious consequences. Either the outer lasers become overheated, or 
the inner core* is not sufficiently heated for correct carbonisation to occur. In 
either case there is a grave lack of uniformity in the coke residue at any cross- 
section, and the efficacy of the process is considerably diminished. 

' H. INTERNAL HEATING „ 

CHARACTERISTICS OF HE AT-SUPPLYING MEDIA 

When the heating is effected internally, the heating medium is passed into the 
retort, and, after givjng ujt its heat to the charge, usually assists in carrying off 
the vapours of dudlllatioi}. When the retort is externally heated, only the vapours 
of distillation need be condctised in order to recover the oil products ; but, when 

1 Wgimill, T.»l£ , “*The Low Tem;>wittjro Distillation o{ Inferior Coal.” Jaurn. Soc. C'ktm. Ijd., 
1£|17, 38, 912. 43 



METHODS OF HEATING THE MATERIAL • *117- 

the retort is Eternally heated, the heating medium must also in general be passed 
through the condensing plant- K desirable, therefore, that # the*volumc of heating 
medium should a minimum. 

The medium supplying heat to the charge should possess the following two 
characteristics• 

(1) It should have a high specific heat, so that the requisite quantity of heat 
may be supplied with a minimum quantity of heating medium. 

(2) It should be inert, so that combustion of.the charge docs no + ^ccur -'uring 
carbonisation. 

4 

THE USE OF LIQUIDS OK SOLIDS AS A HEATING MEDIUM 

Before dismissing the possibility of supplying heat to the charge by means of 
liquids, reference may be made to the process recently advocated by Mr. J. Stanley 
Morgan 1 in a jiaper read before the Northern Section of the Coke Oven Managers 
Association. In this process the powdered charge is immersed in a bath of molten 
lead, which is kept in motio 1 in order to facilitate the heat transfer. The time 
factor of carbonisation is* then very small, being of the order of two minutes as 
against hours bj' other processes. The whole of the charge is thus uniformly treated, 
and tile gaseou^vapours may be quickly removed. The process is, however, likely 
to present mechanical difficulties and is still in the experimental stage. The 
Caracristi retort, which also utilises molten lead as a heating medium, is described 
on page 209, but in this .case the material is not, strictly speaking, heated internally. 

T::e use*>t a solid material, such as heated sand, has also been suggested. Where 
oil and gas production only am required, as in the low tempi', atuie distillation of 
certain shales, the process is not without possibilities; out m the case of coal, 

- where the splid residue is one of tbe most important assets of the process, the 
difficulties of separating th* 6and after distillation precludes the possibility of such 
a method proving of commercial utility. 


THE USE OF STEAM AS A HEATING MEDIUM 

Steam has a high, specific heat, but its use as a heating medium without 

extraneous assistance does not at present appear to be very {-omising, for three 

main reasons:— • 

■: * 

(1) The practical difficulties i» the supply of 1 steam superheated to the degree 
necessary for the carbonisation ofat.he charge. 

(2) The necessity fic provision of cooling plant sufficient size to absorb the 
latent heat of the bteam, m well as the sensible heat carried over in the 

4 & 

1 Morgan, 4 . Stanley. 11 The Lend Bath Process of Low Temperature Carbonisation.’* Cotliav 
Guardian, 13th April, 1923. • '• •* 
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mixture qf steam and carbonisation gases. Large and costly condensers 
would therefore be necessary. , 

(3) The difficulty that, unless the steam could be obtained as waste from 
Borne industrial undertaking, the latent heat would have to be supplied in 
addition to the beat necessary for carbonisation. ' 


.THE USE OS' PRODUCER GA£ AS A HEATING MEDIUM 
A more satisfactory bating medium is stripped coal gas or producer gas. These 
gases are inert, uvhA* least contain very slight traces of oxygen, and, after passing 
through the condenser, do not have any deleterious effects upon the volatile products 
taken from the gases after the distillation of the coal. They do, of cour e, reduce 
the calorific value of the resultant gases obtained' from the retort. For economic 
reasons, producer gas is the medium generally employed in practice. There is in 
general a certain amount of dust carried by the producer gas, and its effect, which 
is perhaps not altogether a deleterious one, upon the carbonising charge must not 
be overlooked. 


DIFFICULTIES IN INTERNAL HEATING * 

The main difficulty in internal heating is to secure tmiform carbonisation of the 
charge. In the case of horizontal retoTts, this can only be effected by stirring the 
charge continuously, or by other methods, some of which introduce grave practical 
difficulties in a plant of a commercial size. The effects of stirring the charge during 
carbonisation have already been discussed oh page 115 and so neftiTTot !>e further 
referred to. They are sufficiently objectionable, however, to demand careful thought 
before stirrers ate used with internal heating. , 

Rotary retorts-of the “ Sensible Heat” (Nielsen) type {page 2.»1) are, how¬ 
ever, in a different category. In‘this case the material is in continuous motion as 
it progresses through the retorts, but it is impelled by the force of gravity and 
not directly by mechanical means. There irf therefore no tendency for the particles 
to disintegrate other than that- experienced in any continuous plant. In this 
particular type of retort it is found in practice that the proportion of “ fines ” in 
the coke is not great. 

In the case of a vertical type of retort the inert heating £as may readily be 
forced or drawn through the charge. It is difficult, however, to diffuse the gas 
adequately. It tends to pass up fissures through the material, and, taking the 
line of least resistance, ( fails to carbonise the material uniformly. The original 
Del Monte patent was basfcd on this principle, which was indeed proposed by 
Parker as far .back* as 1890; ajid, although extremely satisfactory results could 
Occasionally be obtained, , f he lack qf uniformity in the residual products was so 
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great that thw type of retort was eventually scrapped and an eternally heated 
type, adopted. %It is doubtful, however, whether the experimental work in these 
early days was sufficiently under scientific supervision to form a criterion for future 
developments, since the later work of Maclaurin on a somewhat similar retort 
holds out great promise. Probably this difficulty may be overcome to a great 
extent by paying sufficient attention to the adequate sizing of the material. 

Parr and Olin 1 also give interesting results obtained by this type of heating; 
but, since small-scale plant only was employed by.them, the results are n A t strictly 
comparable with those obtained in a plant on a commercial scale v 

AMOUNT OF GAS REQUIRED FOR INTERNAL HEATING 

Owing to the small specific «heat of producer gas it is necessary to determine 
very carefully, whether the amount of gas necessary to carbonise the charge, to 
remove the products at their final temperatures and to provide for radiation 
losses can economically be obtained. We have already seen that in an internally 
heated system the heating ga*es dilute the gases of carbonisation, and it is there¬ 
fore obvious that if the qifantity of heating gas required is very great a point may 
be reached wher A the calorific value is so reduced as to make the mixed gases of no 
commercial value. 

The work of both Maclaurin and Nielsen has shown that if proper steps be taken 
to reduce radiation and other losses to a minimum, a gas of commercial value may be 
obtained. f 

TH" question may best be dealt with by a consideration of the heat balance. 

If we take for example the case of a retort of the Nielsen type where the heating 
medium consists of hot producer gas made in a separate producer, we have entering 
the retort, tl A e potential heat of tie coal charged and the heat, potential, sensible 
and latent of the producer gas used. On the other hand, the heat leaving the retort 
comprises the potential heat in the products after cooling to the datum temperature, 
the heat both sensible and latent in the products as they leave the retort and which 
will bt, abstracted la the coojing arrangements, nnd the heat lost by radiation, etc. 

In order to obtain a gas of the highest possible calorific value it is essential, there¬ 
fore, that the two latter terms should be reduced as far as is possible consistently 
with practical working. From the data indicated above, it is possible to estimate 
the volume of producer gas at any given temperature A required per t A n of coal carbon¬ 
ised, and so to calculate, with sufficient accuracy for the purpose of a preliminary 
investigation the degree of dilution to which the rich gas o> carbonisation will be 
subjected. 

1 Parr and Olin. "The Coking of Coal at Low Temperature." Bulletin No. GQ University of 
L'hois, 1912. "» * 
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COMPARISON OF EXTERNAL AND INTERNAL SYSTE3IS 
1 , OF HEATING i 

Having outlined the difficulties of each of these systems of heating, their 
relative advantages and disadvantages may now be summarised. 

Theoretically, internal heating is more advantageous tlian external heating, 
since the heating medium is brought into direct contact with the material to be 
carbonised, and the he't transmissmii is veay effective and rapid. It is not necessary 
to tjpat material in thinjayejs, which, as already pointed out, is a desirable feature 
in retorts heatc^g^ernally. The simple retort thus rendered possible results in 
a reduction in the cap/al cost o' plant and in maintenance and labour charges. 
A further advantage is to be found in the fact that the passage of the seating 
medium through the retort usually assists in carrying off the vapours formed. 

Among the disadvantages of internal heating may be mentioned :— 

(1) The additional condensing plant required through the mixing of the heating 
medium with the gaseous products of distillation. 

(2) (a) The possibility of the material not being cubed uniformly in a vertical 
retort; (6) the necessity of employing a long horizontal retort in order to 
abstract the heat from the heating medium. 

(3) The difficulty of controlling the temperature gradient through the retort if 
producer gas is used as the heating medium. 

(1) The rich gas ordinarily obtained by low temperature carbonisation is mixed 
with the poorer producer gas used as a heating medium, and the calorific 
value of the mixture, though higher than that of produced gae, ’is consider¬ 
ably less tbnfl that < btained from an externally heated retort. The extra 
quantity of gas may not compensate commercially for its Iosb of calorific 
value, and it usually requires a special market. 

I 

The main advantage of heating retorts externally is that this method has been 
very extensively employed in ordinary gas,works and shale oil practice, and that 
the published data of the experience gained can be used as a guide in solving some 
of the difficult problems of low temperature carbonisation. The plant can also be 
designed 60 that the process is under more direct control ‘han in the case of an 
internally heated plant. 
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TECHNICAL PROBLEMS-THE EFFECTS OF STEAM AND 
GASEOUS PRESSURE ON COALS CARBONISED AT LOW 
TEMPERATURES 

• A. THE EFFECTS OF STEAM 


ACTIONS AND REACTIONS OF STEAM AND HEATED CARBON 
It in well known that steam will Tract when passed over certain strongly 
heated reducing agents. The oxygen in the strum' omSincs vlth the reducing 
agent, the linal products of the reaction being formed ip .Wf.ftite relative pro- 
portionii which depend upon the conditions, such as teiupcAtiire and concentration, 
or pert *n.agc volume, of tlie various gases present, and aim upon whether there 
is sufficient lime for equilibrium t.o be established. When the reducing agent is 
carbon, the products of the reaction arc hydrogen, carbon monoxide and carbon 
dioxide, which will be mixed with a certain proportion of the steam left undccom- 
poacd. Two primary read ions take place, according to the temperature of the 
carbon and the concentration of the gases, which may be represented by the 
equations: ]f 2 0 + C ^ H, + CO . . . (1) 


2H,0 + C^2H a +CO a 


(*) 


In addition to the above primary reactions, there arc many others taking 
place between the various products and the carbon and steam, of which perhaps 
the most important are »- c + COj ^ 2 C0 .... (3) 


11,0 + CO -e- H, + CO. 


(4) 


m ▼ 

As indicated by the equations, each of the above four reactions is a balanced 
reaction, i.e.,one aapable of proceeding in either of two directions according to 
the existing physical conditions. , 

If any of the above reactions took place alone, using definite amounts of the 
reacting materials, the final mixture would adjust itself at any definite temperature 
according to the law of mass action, until fh3 reacting materials and products 
were present in certain definite proportions, ptov'dtd sufficient time were given 
to allow equilibrium t<: *be established. , 

In the case of tfw ^action shown in equation (•!), whiehjs known as the water 
gas reaction, if we start with definite amounts of the four reacting gases, equili¬ 
brium will be established when thefproduct of the percentages by volume of carbon 
monoxide and water is equal to the product of the percentages by volume of 
carbon dioxide and hydfogen, multiplied by a constant K*. 

^ _ Percentage of CO x percentage of H,0 
Percentage of CO, x pcrcentag^of H a 


or 
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The numerical value of K, the equilibrium constant, is a fixed quantity for 
each temperature. 1 , If' 

Experimental values of K for given temperatures are a e follfws t 

Temperature °C. . 700 800 300 1000 1100 *1200 

K . 0A5 0-86 U25 U65 M0 2456 

In any process inpofving a nimber qf reactions, taking place simultaneously, 
the tfinal product will qjmojisly depend largely upon the relative speed at which 
the equilibriuttw *\f the separate 'reactions tends to establish itself. In the water 
gas process the temperature coefficient of reaction (•!) is greater than that of 
reaction (2) with the result that production by reaction (I) is favoured ut high 
temperatures. It can also be shown tliat at itemperatures above 600° C. the 
equilibrium of equation (4) is very rapidly established. At temperatures above 
1000° C. therefore, we find that the effects of (1) and (1) predominate, and those 
of (2) and (3) are comparatively small. This also is the case at the lower tempera¬ 
tures if pure carbon is used, but if coke is employed reaction (2) is greatly 
accelerated, probably by the presence of catalytic materials, such as iron oxides 
in the coke. The velocity of reaction (3) is comparatively slow, and its effects 
are negligible. 

In water gas practice, therefore, reactions (1) slid (4) appear to predominate 
above 1000° C. whilst reactions (2) and (4) predominate at temperatures below, 
say, 700° C. 

An examination of (1) and (4), together with the given values of K, sbj»'v that 
the percentage of carbon monoxide is high and that of carbon dioxide low at high 
temperatures, whilst tUc percentage of carbon "dioxide is high and that of carbon 
monoxide low at low temperatures (700” C.). r , , 

It will also be seen that, if a water gas rich in carbon monoxide is required, 
an excesH of steam is to be avoided, since by equation (4) the steam when in equili¬ 
brium is in inverse ratio to the carbon mojioxide ; also excess steam, by lowering 
the temperature, reduces the value of K and so agajn tends Vo the formation of 
excess carbon dioxide. 

PRODUCTION ON WjVTER GAS AND PoWr GAS 

In practice ^ater gas jh formed by passing the steam through a deep incan¬ 
descent fuel bed in* a producer. A certain amount of cat bon dioxide is formed in , 

i 

1 The relation between Kathe tiro/ of reaction and, 1 he temperature is defined by the Vau 'tHoff 

equation - which Q is the (positive) heat pf reaction at the absolute temperature T, 

and R ft* the gtts*Am»tant ( = 1.985 calSrtes). For further details 1 ,he reader is ref a Ted to any stan¬ 
dard book on physical chemists^ , ^ 
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the lower part,of the bed, in addition to the carbon monoxido represented by 
equation (2), according to the Equation :— 

• 2H J 0+C=C0 a + 2H s . . . . (5) 


Th*is carbon dioxide is subsequently reduced to carbom monoxide while passing 
through the u(>per part of the fuel bed, according to the equation :— 

• C0 3 + C»= 2CO * . * t , . . (G) 

• # • 

Apart therefore from the impuritioB in the waier ges doc t> the fact that the 
fuel used may only contain 90 per cent or less carbon, it i- 'to be expected that 
circumstances will arise in practice when the whole of the carbon dioxide is not 
reduccd*to carbon monoxide. Thgre is always therefore a certain amount of carbon 
dioxide and other inerts in the resulting gases. 

The other factors to be taken into consideration arc : 


(a) Tiie reactions (1), (‘2} and (3) are endothermic in character, and 

(b) They do not occur if the temperature of the carbon falls below a certain 
minimum. In the case of'reaction (2), that is in the formation of carbon 
dioxide, the ijiinimum temperature is about 61)0° C. In the formation of 
carbon monoxide, a slightly higher temperature is necessary. Unless 
therefore heat is supplied to keep the temperature of the fuel above the 
minimum given, these reactions do not occur. 

Water gas producers "are generally worked upon an intermittent system, that 
is, the gas makinj«period, termed the “ run ” during which the temperature of the 
fuel falls considerably, is followed*by a period of heat ranup^r .it ion, teclmically 
known as the “blow.” During the “blow,” the steam is replaced by a blast of 
air, the oxygrS of wliicb combines with the carbon, mainly to form .arbon dioxide. 
This is an exothermic reaction, and by the continuance of the “ blow ” for a certain 
period the temperature of the fuel and the surrounding brickwork is increased 
preparqjory to the gas-making period again compiencing. 

Alternatively a power gas* though no; watcAg u., may be produced by passing 
steam and air (or oxygon) continuously througn^t*producer. When correct pro¬ 
portions of steam and r.lr are admitted, the* endotVrmicity ore set of reactions 
may be balanced by the exothennicity of tin, ot.lirr, and the temperature of the 
fuel thus kept constant. While it i^not necessary to discuss further the production 
of water gas or of power gas in producers, tip above digression ir perhaps permissible 
in leading to a clear comprehension of the effects on tlw charge in*low temperature 
carbonisation when, as is sometimes done, steam in limifrd quantities is fed to the 
discharge mechanism in orc^r to keep the roc^4' parts cool and ts prevent the 
escape of gas (Turing the period when the retorj doors ai^ open. 
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ADVANTAGES OF STEAMING FOR HIGH TEMPERATURE 
' CARBONISATION^ 

The advantages of steaming for high temperature carbonisation are unquestion¬ 
able. The work of the Fuel Research Board 1 and that of the Gas Investigation 
Committee of the Institution of Gas Engineers, 5 show that increased therms in 
the form of gas, and increased quantities of tar and ammoniacal liquor are to be 
obtained by this method, although the ‘quantity of coke is reduced. Sir George 
Bcilby, from bis Jong expelit-ncc in steaming charges of shale in the Scottish shale- 
oil industry, as'Vt'C as from results obtained at Fuel Research Station, is 
of the opinion that higu temperature vertical retorts should never be worked with 
less than 5 per cent of steam, and this percentage ha6 in fact been adopted as the 
datum line for all future experiments in this eoimcxion at 1I.M. Fuel Research 
Station. 

One factor of great interest in the results obtained at H.M. Fuel Research Station 
which should be mentioned at this stage is that, in all the coals tested, an increased 
yield of therms in the gas was obtained at a decreased expenditure of heat, with 
the use of 3 per cent of steam as compared with the yield obtained when no steam 
is supplied. The explanation lies in the fact that heat is abstracted from the hot 
coke at the bottom of the retort owing to the action of the steam which is converted 
into water gas. There is usually no necessity for quenching the coke, which leaves 
the retort at a much lower temperature when a small amount of steam is used 
than when there is no steaming. 

• » 

m 

EFFECTS OF STEAMING IN LOW TEMPERATURE PROCESSES 

The advantages of steaming for low temperature carbonisation are, however, 
more problematical. If the temperature of the charge docs not exceed 000° C. 
the decomposition of steam by carbon is practically negligible. In any case, the 
formation of carbon dioxide rather than carbon monoxide, is favoured, and thus 
the calorific value of the gas is ^ educed. Any beneficial action of the Steam is 
probably either physical or ric.rhanical rather than chemical. The continuous 
or occasional admission of stip .n near the coke exit of the retort cools the coke 
prior to ita removal, and thus'' tends to increase the efficiency of the process. It 
also protects th:- material of the retort by reducing the temperature at the coke exit 
where otherwise the heat would 'often be greatest. A further advantage, of steaming 
is that the heat pudgy absorbed by thiel steam in its earlier path through the retort 
is diffused at a later stage, ^hd the steam may therefore be'said to assist in conveying 

1 Fuel Uneart h Board. Report for yearn 1020,1021; ‘First Section : “Stcaroing in Vertical G<w 
Retort.” (H.lilj/Stationery Office.) ^ 

1 Institution of Gab Engir^ra : Fourth Report of the Gas Inveatigat'on Committee, 1920. 
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heat uniformly to the charge and in securing a more satisfactory heat gradient 
through the refort than would otherwise be obtained. Finally, (the passage of 
steam’through ttfe charge assilts in sweeping away the vapotfts of carbonisation 
as tlfty arc formed.* If coal contains little moisture the ammonia escapes condensa¬ 
tion and a 6crubber is necessary. If steam is present the ammonia is more 
completely condensed without scrubbing. In using a scrubber the liquor would 
be too weak to be of any value. •* 

When the carbonising temperature A in the neighbournood of 700-7;50° C. 
chemical reactions. do probably exert some influence on the resulting products’of 
carbonisation, partly in # a slight increase in the gas yield, and partly in a alight 
increase in the amount of ammonia recovered. The increase in the ammonia yield 
at highTteijsperatures due to steaming is well known, and at lower temperatures 
there is also a slight advantage fii steaming. The amount of ammonia yield in 
low temperature work is, however, so small even with steaming, that it is probably 
only in plants with a large throughput that steaming uiay be said to be advan¬ 
tageous in this respect. 

It is also well known uj tire shale industry that steaming has the effect of 
preserving the primary products of distillation at low temperatures, and this factor 
is also of importance in low temperature carbonising processes. 

ADVANTAGES AND DISADVANTAGES OF STEAMING 

To summarise, the advantages of using a small amount of steam in low 
temperate jj'ork may be said to be :—. 

(1) Steaming assists in distributing the heat uniformly tljou*h the charge. 

{3) Steaming increases slightly the yield of gas, but only at the higher tempera- 
* turvs nf'carbo'hisation, 

(3) Steaming facilitates the recovery of ammoifia, also at the higher tempera¬ 
tures of carbonisation. 

(4) Steaming assists in removing the gaseous mtxlucts of distillation. 

(5) Steaming increases sligfttly the efficiency iy ihe process by cooling the coke 
before its withdrawal from the* retort. 

t A 

On the other hand, the disadvantages of steam in A are : — 

(1) The cost of the steam and the extra cost of n®int*mancc am> manipulation, 

i.e. power, extra fittings, sup A vision, etc. * ° 

• ^ 

("3) Complete loss of latent heat of steam in the comprising processes. 
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1 9 THER PRACTICAL CONSIDERATIONS ' 

It should be pointed out that the design of retort has an important bearing 
on deciding whether steaming should or should not he adopted. Quite apart from 
the question whether or' not steaming is beneficial, horizontal retorts do not in 
general allow the steam to be brought into that intimate contact with a mass of 
incandescent coke which is desirable for the full effects of steaming to be realised. 
In the case of the Chiswick Retort for example (page 199), the introduction of steam 
for uniform reaction upon the whole of the coke residue is hardly feasible. Steamiug 
may more effectively fie employed in vertical retorts,'but'even then in particular 
cases the beneficial effects of steaming could not be fully realised. It •appears 
therefore upon close examination, that local considerations will mainly a&cct tho 
decision as to whether or not it is desirable to use a small quantity of steam in 
any particular plant. 

B. TIIE EFFECTS OF GASEOUS PRESSURE 

,s J 

EFFECTS OF VERY LOW PRESSURES 

The effects of the extreme limits of pressure, either very low or very high, on 
coal during carbonisation seem to be marked. The earliest record of the effects 
of very low pressures appears to he in the Patent Office records for 1905. In this 
year W. S. Simpson obtained a patent on the claim that sulphur and other impurities 
are removed from coke by creating a vacuum in the vessel contain ; ng>he coke 
in a highly heated,state. In 1000 he obtained another patent on the claim that, 
when carbonaceous materials are heated in a practically complete vacuum, a 
superior quality of charcoal is produced and Impurities removed. .Use has been 
made of low pressure in at least one process of low temperature carbonisation put 
forward, viz.‘the Tozer retort. (See page 197.) 

Unfortunately few results of experimental investigation on the effects of 
very low pressures have been puClishcd ; Taylor and Porter 5 have foutid that 
a bituminous coal which yi<ddt*i a light friable coke when slowly heated at 
atmospheric pressure yjelded a-tiense coke when heated qt a pressure of less than 
30 m.m. A probable explanation of this phenomenon is th«t the gas is rapidly 
removed when'formed, add therefore there is not time for the development of a 
large bubble structure. 

¥ 

1 Taylor and Porter. “ 8’he.f'riarary Volatile Products of the Carbonisation of Coal, 1 ’ Tech, Paper 
140, Amer. Bureau of Mines. 
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PRACTICAL ASPECTS OF A VACUUM SYSTEM OF CARBONISATION 

There are, however, othei advantages of a vacuum system which are less 
questionable. The*) may be thus briefly summarised 

* (1) The removal of the gaseous vapours is facilitated, and any heavy tars formed 
need net condense within the retort to the same extent as in other processes. 

(2) The removal of air in the retort^ particularly in hn intermittent process, 
reduces the likelihood of the oxidation of the products of carbonisation, 

(3) The. reduction of the pressure within the (uteri, may possibly increase the 
virtual temperature^ carbonisation by the reduction of the boiling points 
of the volatile substances once their temperature tif formation is reached. 
feeA.ee the same results are possibly obtained by a vacuum process with a 
flue temperature lower than that of an atmospheric process, ceteris paribus. 

t 

It must be said, however, that the above advantages are likely to be theoretical 
rather than practical, and claims for increased gas or oil yields by vacuum processes 
have not been fully substantiate. On the other hand, the d isadvantages of working 
on a commercial scale wit.fi a lii£h vacuum are important. These may be thus 
summarised :— . . 

(1} Greater capital cost of plant.. 

(2) Increased operating costs, due to the extra pumps, etc. 

(3) Increased difficulties in maintaining air-tight joints, some of which must 
be frequently broken and re-made ; as, for example, at the inlet and outlet 
Wttl» charge. 

(4) Danger of air-leakage inwards, with the consequent (Million of the rich 
low temperature gas and possibly the attendant risk of accidental explosions. 

. # * * 

It would appear thercfojc that the only substantial eumiAcrcial advantage 
of a vacuum process consists in cert ain cases in the production of a dwise coke and 
a tar which has Buffered the minimum ^amount of cracking within the retort. As 
this advantage may.be secured by other and wrbape simpler methods, it is not 
surprising that the development of a wuum'syt^em for a commercial process 
of low temperature carbonisation appears to be aNpmewhat remote contingency. 

EFFECTS OF HIGH TREASURE * 

It has been known fpr BOme time that the 'distillation of petroleum under 
pressure serves to break down or " crack ”*t.he high-boiling fractions, and so may 
increase the value of thi*products. Nearly thirty ^earg ago Dewar and Redwood 
patented a process based on this.principle, though commercial use was not made 
of the patent. ,0n account offthe increasing demand for gasoline for iiic automobile 



. I2 £, lo^ temperature carbonisation 

industry, and tho desirability of obtaining substantial yields of low-boiling fractions 
in the distillation of petroleum, the problem was tafken up by Burton in America 
about 1910. Burton’s first experiments were in tW direction of superheating the 
high-boiling petroleum residues at atmospheric pressures. It v^lh found, howdVer, 
that “cracking” by this,method turned the aliphatic hydrocarbons into aromatic 
bodies and fixed gases ; that is, tho general molecular structure of the original 
material was altered. Th'e use of reagents and catalysers was fairly successful, but 
involved a substantiaPloss of oil ir. the process, and whs, moreover, costly. Eventu¬ 
ally process of distillation under a pressure of about five atmospheres was evolved 
in the laboratory, which on being worked on a commercial .scale gave good results, 
and the pressure-still industry is new firmly established. 

There are, however, limits to the Burton process and its modifications. ■ C-^cking 
processes are not uniformly successful with heavy oils and with those containing 
high percentages of asphalt. In these cases there is a tendency for hydrogen to 
separate and to leave a deposit of carbon. The deposition of carbon is not only 
troublesome mechanically, but involves a serious reduction in the efficiency of tho 
process. 

The deposition of carbon may be reduced by the introduction of hydrogen 
into the process, and Bergius claims that, by a cracking process at high temperatures 
and high pressures in the presence of hydrogen, there is a reduction in the carbon 
deposit without having recourse to catalysts. The pressures used by Bergius are, 
however, so great as to preclude any immediate application of his system for the 
hydrogenation of oil and coal to the problems of low temperature carbonisation. 

• a j» 

PRACTICAL' ASPECTS OF A HIGiI PRESSURE SYSTEM 
OF CARBONISATION 

i- 

The most interesting development of the work of Bergius in connexion with the 
carbonisation'of coal is in the liquefaction of coal by the method which hae already 
been described (page 47). It is stated that* the technical difficulties of the process 
have been largely overcome, and’jthat a plant on a semi-wArks scale is now in 
operation at Mannheim for the conversion 6: bituminous coal into light oils. Granting 
that the work has been successful from the laboratory standpoint, and that suitable 
precautions can fie taken to nfmimise the serious risks of explosions and fires, it 
would appear that the capital most of the plant must necessarily be high, and the 
working coots, including the cost of the hydrogen, are life- ly to be excessive. This 
process, although of intense scientific interest, can therefore scarcely be of gTeat 
industrial imjiortance until, it -has boon suitably developed to meet the economic 
conditions of the day. 
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* 

PRESSURES ADOPTED IN PRACTICE - 

In practice thc*withdraw*J of the gas and oil vapours is generally secured by 
keeping the retort under a pressure which is slightly below atmospheric. The extent 
to winch it is desirable to reduce the pressure below the atmosphoric pressure depends 
very largely tfpon the number and type of joints cm the plan l which must be kept 
air-tight, and also upon the material usgd for tjic retort.' tj'itk the exception of 
the two processes to which reference has already b<jen madi\ it is found that pliyits 
are usually arrayed to work under a partial vacuum which does not greatly 
exceed 2 inches of water pwssure. 



CHAPTER X 


OTHER TECHNICAL PROBLEMS 

If 

INTRODUCTORY t 

f 

Having now dealt with some of the broad general principles which aSect the 
iesign or selection of a plant for low temperature carbonisation, it is desirable to 
jonsider shortly some other features of the process. Many of these have already 
seen referred to in thq mb re genera^' discussions. The various points for consideration 
n £ subject such as the present are so interrelated as to make it difficult to take 
hem singly without a certain amount of duplication and overlapping in the various 
lections. The advantages of this method of treatment ave, however, very great, 
md the present chapterI’ 1 *v 'devoted to a scctionalised treatment of the following 
Joints, some of which have already appeared as side issues in tho discussion tif wider 
ispects of the problem, viz.: 

< 

(а) The effect of the change of volume of the charge. 

(б) The withdrawal of the oil vapours. 

(c) The control of the temperature of the charge. 

(d) The conservation of heat. 

(e) Simplicity of the construction and operation of the retort. 

(/) The reduction of capital, maintenance and labour costs. 

SWELLING AND NON-SWELLING COALS 

Amongst other classifications \vc have seen that, for the purposes of low tem- 
jerature carbonisation, coal may be divided into two groups accd±to the 
dative volumes o\* thy original coal and the resulting coke, after carbonisation at 
ow temperatures. In the first group may be placed tho so-called “ swelling ” or 
‘ expanding ” coals, the volume of the resulting coke being greater than that 
if tho original coal. The second group consists of t.lfe non-swelling coale, in which 
,he volume of the resulting coke is equal to or smaller than that of tho original coal. 

It should be noted that, although thesd groups are sometimes termed “ expand- 
ng ” and “ non-expanding,” these descriptions are somewhat unsatisfactory, aB 
,hey may leave the wrong impression that thj actual coke substance is of different 
iensities in the two cases. The’coke substances seem to hove in fact equal densities, 
md the apparent “swelling ” or “expansion “ is duo to differences of structure, 
[t is not necessary, at this stbge, to enlarge upon the point, and enter upon a full 
liscussion of coke'sfruct.lire and the theories of coking, a‘study which will be better 
rented in a eepaiate chaptep It may, however, be desirable in passing to refer to the 
nicroscopical work of Sr Ceofge Beilby, whb showed thai the cell structure of coke 
s due to the evolution of gas bubbles from 'the fused or partially fused coal 
ubstances. The first stage in the structure is the formation of foam, in which 
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each bubble i6 a self-contained cell. Eventually mutual perfoAtion of the bubbles 
occurs at the points of contact, and through the holes thya farmed the gases 
ultimately escape the exterior of the sponge-like mass. 

* SWELLING COALS • 

When coking coals are heated, they contract a little at first, but swell on further 
heating. At a still higher temperature however, they und ergo a secondary con¬ 
traction which is characteristic of coking proper. The initial contraction is pos'Wltly 
due to the melting of certain material which occurs at a temperature of 
350° 0.-450° C. according to the constituents in the coal. If the temperature of 
the corl is uniform throughout the mass, the whole cLiffge is fused together. When 
more heat is applied gas is givon off, forming bubbles which increase the volume 
of the substance by an amount greater than the original contraction. As the 
temperature is further increased and the volatile products axe driven off, the 
secondary contraction occurs. 

It is well known, however, ihat the swelling of coals at the lower temperatures 
of carbonisation causes difficulties in the withdrawal of the coke made at those 
temperatures. When the swelling is restricted, a dense coke suitable for use jus a 
domestic fuel is the outcome. The swelling may, however, be so much greater than 
the initial contraction that a considerable pressure is exerted by the coke on the 
walls of the retort. The cliarge may thus be held up at the time of discharge. 
This difficulty has been experienced from the earliest times in the history of low 
temperature carbonisation, and constitutes a factor which must be recognised in 
the design of any ■fyl'c retort or in the development of any particular process. It 
may be overcome by mechanical means, as, for example, if? t tie collapsible moulds 
of Richards aijd Prjpgle, 1 or in the i ollapsiblc centre plates of the Low Temperature 
Carbonisation Company’s report at Barnsley. The fact that these devices were 
adopted after experiments had been conducted on simpler types of retorting 
arrangements iB in itself a sufficient indication that the problem demands attention 
in any4ull-scalc plant. The more recent work cm? this question of obtaining a dense 
coke indicates, however, that, a solution may be. obtained in a simpler manner 
by physical or chemical rather than by mechanical means. In considering any 
mechanical device fqr reducing the difficulties due to the swelling of the charge, it 
should be borne in mind that labour costB must be (pducud to the ypinimum. 

• • 

NON-SWELLING COALS 

In the case of the nofi-swelling eoMs and such rtrbt naheous materials as shale, 
cannel, etc., the coke residue is usually non-coherent and friable, an^the problem 
* Richards ond Pringlo. Pat. gpeu. 27828 (1909). 
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of the carboninatiof of the material is considerably simplified. It may be stated as 
axiomatic, indeed, ^Jhat a plant which does not function for non-sjvelling coals will 
be useless for swelling coals. The special problems 'of the non^welling coals need 
not therefore be discussed in this section, *’ 

PRELIMINARY TREATMENT OF SWELLING COALS 
o 

It has already behn indicated'tliat. a'solution of one of the difficulties in the 
ear [ionisation of swelling ccal lies in the stopping of the swelling by other than 
mechanical means. Three methods, involving a preliminary treatment of the coal, 
have been suggested, via,^— / 

(!) Blending caking with non-caking coal. 

(2) Blending coal with coke breeze. 

(3) A preliminary heat treatment of the coal. 

Aspects of these will be dealt with in the succeeding paragraphs, but a fuller 
examination will be made in Chapter XI. <• 

THE BLENDING OF COAL 

It has been found that the blending of coal, i.e. the intimate mixing of fusible 
and lesB fusiblo coal, is a ready method of checking excessive foaming during 
carbonisation, and of ensuring that the resulting coke occupies a smaller volume 
than the original coal. By arranging for the slirinkago Of coal instead of relying 
upon the confinement of coal in a restricted space during cfwbonisrfliiJE, one of 
the most serious difficu lties in the carbonisation of fusible eoals is removed. It is 
interesting to note, however, that the proposal of blending coal is of by no means 
recent origin. The idea seems to have been first covered by Crufckshanks in a 
patent granted in Id'll. 

At an early stage in the work at East Greenwich the Fuel Research Board 
utilised the method of blending swelling and non-swelling coals in order to produce 
a demie coke which could be discharged with facility. 

Roberts’ obviated the swvMing of coal bj utilising the "excess binder to bind 
inert material, say coke brccic. Tlie presence of any 'appreciable quantity of 
coke breeze, however, Tcdiices, the amount of virgin coal carbonised per charge, 
and therefore reduces also tin real throughput of the retort. 

In the case of the Barnsley plant, the charge admit.teefto the retort is a mixture 
of coking and non-coking coals in the proportion of about 30 : 70. The use of 
non-coking coal has not the disadvantage of’’coke mentioned above, though the 

i 

4 Roberta, 14 The Carboniaatiitot.of Coal at Low Temperature.” Prot. N. of Eng, Ivtt. of 
'Min. and Meek, Eng., Aug. Gth, 1921. ** 
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expense of obtaining the necessary supplies of coal for blending, and the further 
trouble and expense of adequately mixing the coals, have to Jbe fbced when con¬ 
sidering the commercial possibilities of the method. 

* PRESENT POSITION REGARDING BLENDING 

The following quotation from the previously mentioned Report 1 may bo given 
as representing the position at the present time Regarding blending :— 

“ We have^lready referred to the fundamental importance of securing the 
volatile products, gqs and oil, in maximum quantity and of the best quality 
if low temperature carbonisation is ever to be c;y r *d out on a really large 
industrial scale. This need not be taken as implying that the mixture of coke 
with coal before carbonisation is in no case desirable, but only that the use of 
this method must be carefully scrutinised before it is adopted in any particular 
case in which its economic advantages may possibly outweigh its disadvantages. 
That there are cases of this kind no expert in carbonisation could deny. 

“ Wc arc well awarg of the practical and economic difficulties which are 
involved in any general adoption of * coal blending 1 in place of the present 
crude methods of using so heterogeneous a material as coal as when it is mined. 
We believe, however, that it will be increasingly recognised that the advantages 
of insnring homogeneity and uniformity in any form of solid fuel (thereby 
raising the availability of its potential heat value to a much higher degree) are 
so great that these difficulties will ultimately be faced and overcome.” 

•* 

THE PREVENTION OF EXPANSION BY OXIBAllON OR BY 
PRELIMINARY HEAT TREATMENT 

» » 

Several other methods lupus been suggested from time to time" for modifying the 
properties of swelling coals by preliminary treatment. It. is well known, foT instance, 
that, if certain types of coal are, subjected to oxidation, their coking power maybe 
considerably modified, and indeed completely destroyed. In a discussion on the 
spontaneous combustion of coal, Bone 2 describes sorry experiments on the absorption 
of oxygen by a Durham coking coal, and a Barnsley “ hard steam ” coal of almost 
the same ultimate composition. In these experiments oxygen dried over calcium 
chloride was circulated continuously over a weighty! sample of ground coal pre¬ 
viously dried in vacuo o^er sulphuric acid. The experiments continued over three 
to four weeks at a mean temperature of 168° C. In both cases the two oxides of 
carbon were continuously producer],a»d oxygen wag,absorbed, although action was 

1 Fuel Research Board. Report idt Years 1020, 1021; Second Sectary: " taw Temperature 
Cart >nuation." (H.M. Stationery jJfHee.) • . 

* Bone, W. X. : Coal and Us Scientific U»es. Chop. JX. (taugm&us, Green ic Co.) 
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more marked in thf ease of the Barnsley coal. Bone points out that the “ coking 
properties of each coal were completely destroyed by the treatmenTto which it had 
been subjected.” * ( 

Roberts 1 describes experiments on Silkstone coal ground to 30 mesh and heSted 
at temperatures up to 110° C. for a considerable period in an air oven, in whibh he 
was able to produce a material which on subsequent coking under low temperature 
conditions yielded a good low tciqpcraturg coke, although the original coal was of 
thej.ype which could be classed as strongly swelling. 

As far ns can be seen at present, however, the method of Sxidatinn does not 
seem likely to be of commercial application, owing to the time required for the 
preliminary treatment anti ^ difficulty likely to be experienced in controlling the 
amount of oxidation. Again, the method is only applicable to coals which possess 
an excess of binding constituents. The quantity of such coals available is limited, 
and from the broadest point of view it would appear more desiraole to utilise the 
excess binder to produce good quality coke from materials which, while yielding 
considerable quantities of oils and gas, arc deficit'? t in lender, and so do not by 
themselves produce smokeless fuel. 

Reference has already been made in Chapter V to the work of Dr, Illingworth, 
who has succeeded, by means of a small scale plant, in producing hard low tempera¬ 
ture coke by submitting coals otherwise unsuitable for low temperature carbonisa¬ 
tion in their raw state to a preliminary heat treatment. Illingworth, 2 adopting the 
Seyler classification, states that coke structure is formed in stages by reason of the 
successive decomposition of the several typos of “ gamma Compound,” or cementing 
ingredient, and that the carbonaceous coals are one-stage coals. Th(5''n,eta-bitu- 
minous coals are atko cne-stage coals, but tend to become two-stage coals as the 
C/H ratio decreases. The ortho-bituminous coals arc definitely two-stage coals, 
tending to become three-stage coak with decrease in C/H ratio, while the para- 
bituminous npd lignitous coals are three- and four-stage coals respectively. 

Illingworth also points out that, where a low gradient of temperature is employed, 
as in the subject under consideration, the stages in the process are well marked. If 
the mass be very plastic over the period of the earlier stages, the products evolved 
during these stages will pass a'-.’ay freely, and so will have little effect in causing the 
charge to swell. Ji the mass is Very viscous, these product!? are trapped and tend to 
cause swelling. • * 

Illingworth states that “ plasticity is determined by the amount of gamma 
compound present, 1 ' and forms the temperature at which the “ gamma content ” 
is finally decomposed “ the critical temperature.” If the critical temperature is 

1 Robert*. J.: “Economic *Aspects of Low Tempcratu-e Carbonisation.’’ Proe. 8. Walts Inst. 
Eng., 1922. , 

* IKingworthfcS. R.: "Low Temperature Carbonisation of Cei” Proc. 8. Walts Inst. Eng., '922. 
Illingworth, S. R,: “ Researches on the Con-titution of Coal.’ ’ The Colliery Ouardmn Co. Ltd. 
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low, and the “ gamma content" is also low, the swelling of tie coal is small, and 
such coals give'/ood low temperature coke. » 

in the cases two- or three-stage coals which contain binding material which 
decomposes over a wide range of temperature, Illingworth eliminates the less stable 
constituents by suitable heat treatment, so that the morq stable only are operative 
in the subsequent carbonisation. Such coals arc thereby converted to one-stage 
coals, with the result that they then produce robust types of low temperature 
coke. Illingworth Aas also found that the fess stable constituents have very 
inferior powers ojf agglutination, and that in clitVinr.ting such from the eoal*the 
coking qualities arc not seriously impaired, lfe also considers that the preheating 
of coal under suitable conditions produces a mu h better fuel in all cases, even 
from blends of coking and non-coking coal. 

The method of preparation of a single coal by pre-heat treatment of course 
shares the disa .1 vantage of processes which destroy some of the binding material 
in an attempt to obviate excessive foaming, but otters an alternative method of 
preparation in eases where a supply of non-coking coal is not readily obtainable. 

TIIE WITHDRAWAL OR THE OIL VAPOURS 

The early withdrawal of the oil vapours from the retort after their formation 
is desirable for both physical and chemical reasons. From the physical standpoint 
the early withdrawal of the hydrocarbon gases means the saving of a certain 
amount of heat. Any heat, supplied over the minimum necessary to form the 
vapours *#d gasej is wasted, since the gases are in general condensed and cooled 
before being further utilised. A low final temperature of the Solved gases there¬ 
fore not only throws less work on the condensing plant, but also assists in increasing 
the efficienev*of tht heating arrangements and in decreasing the time of carbonisa¬ 
tion. • » 

From the chemical standpoint the gases and vapours should-not be subjected 
for long periods to radiant heat, and it is desirable to prevent them from coming 
into contact with tie hot walls of the retort, or from passing for any appreciable 
distance through the .hot charge, ipordtfr to avoidi.undue “ cracking ” and decom¬ 
position of the gases aiyi oil vapours. It is well known that the volatile products 
of one temperature* arc readily decomposed at a higher temperature. This may 
be sometimes desirable in gas-works practice, whin gas of the declared calorific 
value is the main produtt, and ia Sometimes indeed, d< liberatdy done in order to 
“crack” the higher hydrocarbons into ttte lower with the deposition also of free 
carbon. In the case of fow tempjgatftre carbonisation, it is necessary to reduce the 
free Bpace above the chargea minimum in order that the pil vapours will be 
witndrawn from the retort as%peedily and unifornfiy as possible after^heir formation. 
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Oil vapoure ran in general, be withdrawn from stationary horizontal retorts 
Boonei after formation than from rotating and vertfcal retorts. If''the material is 
progressively advanced through a horizontal non-rotating retort, eduction pipes 
can be conveniently placed for the withdrawal of gases. It is true that a fractional 
distillation occurs in a continuous vertical high temperature retort since, with an 
open charge, the products of carbonisation have to pass through no higher tem¬ 
perature than that at .(which they are evolved. It is, however, important to 
differentiate between’the behaviour of the condensible and hue non-condensible 
gases during this process. (The non-condensible gases are probably not affected, 
but the condensible gases, passing upwards through tli^ cool portion of the retort, 
will be subjected to a complequeries of condensations and re-evaporations which 
cannot be beneficial to the lighter fractions of the oil vapours. On the other hand, 
by having the eduction pipes suitably located, the’condensible and noii-ccuidensible 
vapours can, in the case of a horizontal retort, bo withdrawn into a condensing 
chamber at practically the same temperature at which they are formed, and with 
a minimum of condensation within the retort. It js quite certain that the frac¬ 
tional distillation of the continuous vertical high temperature retort does not in 
practice give the same quantity or quality of oil yield which may be obtained by 
low temperature carbonisation, * 

Although eduction pipes can be more suitably placed on horizontal than on 
vertical retorts, the fractional condensation of the oil vapours should not be 
attempted. It has been demonstrated again and again that it is not possible to 
condense the oil vapours fractionally with any degree of commercial success. 

THE CONTROL- OP THE TEMPERATURE OP THE CHARGE 

Sufficient has already been said about the carbonisation of coal to indicate the 
desirability in low temperature .work of keeping tin temperature of the charge 
below an upper limit. It is as desirable also to prevent local overheating, or indeed 
local underheating. The use of a very high flue temperature in an externally 
heated retort in order to reducp the time of carbonisation of the charge would 
demand a very careful control cg T er the prekess jvhich could probably not be realised 
in practice. . t 

It would appear ttyvt temperature control is likely to be exercised better in a 
continuous tharv in an intermittent process. In a continuous process not only 
should the temperature of the healing medium be under control, but also its volume ; 
or in other words*arrangements should be made so that the quantity of heat avail¬ 
able for carbonising purposes cay. be adjusted ■»« nr time to time to allow for varia¬ 
tions in the quantity and physical characteristics of tin, throughput. The compactness 
o} a retort iB a farther feature which facilitates a good control over the temperature. 
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No attempts have jet been made on a full-scale plant to why the heat supply 
to a charge during different phases of its carbonisation. The fleets of slow and of 
rapid heating of $oal at various temperatures have already been discussed (page 
96)' but bo far the beneficial effects of slow heating up to 200° C. and of 
rapid heating after 400° C. have not been utilised on any practical scale. Un¬ 
doubtedly there are difficulties in carrying out a suggestion of this sort, but these 
difficulties do not appear to be insuperable in certain designs of retort which have 
already been suggwted. 

Jt. should be Jrointcd out that variations in jhe, heating temperature arc less 
likely to occur in firc-ljrick than in metal retorts because of the quantity of heat 
stored in the larger bulk of the former type of retort.. This advantage is more than 
offset, however, by tbe greater liability of the brick retort to develop leaks. 

THE CONSERVATION OF HEAT 

Heating losses by radiation and convection, arid in the flue gases and the 
discharged coke should be reduced to a minimum. If it is absolutely essential to 
utilise the uoji-condensible’gases to heat the retort, particular attention should be 
paid to tlie location and design of the burners. lu many of the processes for low 
temperature carbonisation which have been tried, particularly in retorts of the 
horizontal type, this seems to bn a very common source of weakness. 

From the standpoint of heat conservation it would appear that a continuous 
process is likely to be more successful than one of an intermittent nature. In the 
latter thyetort is cooled each time a fresh charge is put in, and the temperature 
difference betweeff the flue gases and the carbonising material is different at 
different periods of the treatment. The rate of heat flow*towards the end of the 
treatment i.t jhcrefpre very small, ■ On the other hand, each part of a retort in a 
continuous process remains ,^t the same temperature, and the retort may therefore 
be designed so that the exit temperature of the flue gases is continuously at a 
minimum. Incidentally the life of a retort working under steady conditions is 
likely to he longer than that of one working undtr intermittent conditions. 

SIMPLICITY OF TJIEjCONSTRUCTION AND ORATION OF THE RETORT 

To reduce liability to break down and tlig consequent maintenance costs, the 
machinery must be simple and as “ fool-proof ” ah possible. In particular there 
should be a minimum df working*parts, such as knuckle-joijits, etc., exposed to 
high temperatures Provision should be made for tly> expansion and contraction 
of the retort under varying tcpjv-faturea. The plant* should bo capable of con¬ 
tinuous operation for lengthyffe/iods, and not require frequent^ittejjf ion for small 
repairs. It it^desirable thaf control of temperature should be possible at Various 
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parte of the retort, I mi local overheating of the material should be carefully guarded 
against. The ret-oVt should be air-tight as the presence of air n</f only destroys 
the coke hut dilutes the gases and spoils the oil products. ( Lcakage outwards 
increases the difficulty of controlling the temperature owing to the presence of'an 
uncertain amount, of combustible gases iu the flues. The plant should requsie a 
minimum consumption of heat, power and water. , 

r 

TUB REDUCTION 0,F CAPITAL, MAINTENANCE ANdVaBOUR COSTS 

In order to increase the financial rate of return on, a plant of given size, it is 
obviously necessary that the_ capital expenditure and maintenance costs must be 
low, and that the throughput must be increased to a maximum. 

Low capital and maintenance costs depend very largely upon the materials 
employed in construction and upon the general design of the retort. A plant 
which is bulky for the throughput attainable has less chance of commercial success 
than one of small size. Much of the by-product recovery plant is common to all 
processes and is now largely standardised, lienee ,thc costs of any proposed process 
may be appraised in terms of the costs of the retorting plant. Considerations 
affecting these will be discussed later. 

The question of the best throughput for a given size of retort is one which is 
not easily decided. Experimental evidence is required to determine the best rate 
of rise of temperature of the carbonising mass. Speed is of decided importance in 
increasing the throughput, but throughput may bo bought dearly if the material 
is only partially carbonised, while the effect of “ stewing ” ,at thcMraximum 
temperature on a Commercial scale may have the result of decreasing the quality 
and quantity of the oil yield. The published data of gasworks experience, and 
the procedure in connexion with the shale oil industry of Scotland', are of great 
value, but this information must be modified to suit the different conditions of 
working for 16w temperature carbonisation, and further data from a commercial 
plant are required. 

The size of a unit ret ort lias also an important bearing upon the capital cost. 
The lower the throughput per unit retort,'the larger must be ’the number of retorts 
for a given total daily throughout. There are certain advantages to be derived 
from having a large number of units, e.g. a stoppage in one vetort for repairs or 
cleaning need not appreciably Affect the working of the plant, etc,, but there are 
also serious disadvantages lueh as the occupying of more ground space, more com¬ 
plications in charging and emptying, etc?., all of which tend to increase the capital 
and maintenance costs. *L? developing a ned^pcoceas it i& essential for the large- 
scale trial to, be made on a unit plant of such a aiA; as can be readily duplicated 
to form an economical battery BDibuld success be achieved. If, in order to reduce 
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the initial cost, work is done pn a unit plant of appreciably bis size than will be 
necessary in thi full-scale plant, the results cannot be direct^ applied, owing to 
the differences intjpduced by the scale effect. It would appear that the throughput 
of a unit retort, built to try out a process, should bear such a relationship to tho 
totaf throughput which is eventually to be carbonised that its multiplication into 
batteries would not render excessive the total number of retorts in any one bench. 

Tho magnitude of tho throughput of a plant has &.*t' an important bearing 
upon the maintenance costs! As the overhead charges remain nearly constant 
for all throughputs, it follows that the cost of jctonJlng per tun is less for large 
throughputs than for sjnall 

Labour costs must also be low. The winking operations should be simple, and 
the plaid- should require the minimum of attention after the final adjustments 
have been made. The process should preferably be continuous in action, so that 
labour-saying dSvices for charging and emptying the retorts can be easily employed. 
In installing labour-saving machinery, due regard must, of course, bo paid to its 


capita] and maintenance cosls. A fuller discussion of the economics of the subject 
appears in the last chaptered thy volume. 



CHAPTER XI 


THE PRODUCES OF LOW TEMPERATURE CARBONISATION 

COKE 

INTRODUCTORY 

The (study of the behaviour of various types of coal carbonised at temperatures 
up to 600° C. or 700° C. hks tlirown much light on the influences which determine 
the physical structure and properties -of the resulting coke, ^t has been shown 
that the sponge-like structure rcSults from the simultaneous fusion and evolution 
of gas which occurs mainly betw^m 350° C. and 700° C. It follows, therefore, that 
when coke is produced in ovens ahd retorts by the immediate application of external 
temperatures of I200 o -Tf00° C., the successive layers of the coal mass must 
necessarily pass through this stage of fusion and gas evolution. It may therefore 
be accepted that the ultimato structure of high temperature, as r . well as of low 
temperature coke, is mainly determined during this stage, and the study of what 
further occurs at higheT temperatures, after the fusic^i stage is passed, can be more 
effectively pursued by direct application of these higli, temperatures to material 
which lias been produced by the iuitial application of the temperature of 600° C. 

A complete study of all varieties of coke is beyond the scope of the present 
volume. It will, however, he helpful to summarise at this stage some of the 
properties of cokes produced by high temperature processes, in order to see clearly 
the fundamental similarities and differences of high and low temperature products. 
The same course will be followed in the succeeding chapters dealing with the other 
products of low temperature carbonisation. * 

PRODUCTION OF HIGH TEMPERATURE COKE 

It has already been stated that high temperature coke is produced in two 
existing industries, viz. (a) the gas industry, where the production of gas of suitable 
calorific value is regarded as the primary aim, but in which the solid residue usually 
represents the greater proportion of the potential energy of the coal carbonised, 
and (6) the coke oven industry,'in which the chief cfbjcct is to produce a dense, 
hard coke suitable for blast fyThace or metallu'rgical uses, the tar and gas forming 
valuable by-prod vets. 

€ * * 

CHARACTERISTICS ■ OF HIGH TEMPERATURE COKE 

* i t 

(a) (JaS Coke 

In the gasworks prdeeus fcarbonisation flT’parried out in externally heated 
horizontal ovvert^al retorts at temperatures rahgMg from I000 o -13CKI° C. The 
constitution, calorific value and other properties of the resulting cokes tie pend largely 
. • 140 
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upon tho nature of the coals ^scd in their production, since we whole of the ash 
remains in the Anke,together with from 1 per cent to 6 per cent ogvolatilc matter. The 
representative proximate analjecs given in Table XXIV (p. 145) show that a gasworks 
col?e has a composition of some 85 per cent “ fixed carbon,” 10 peT cent to 13 per 
Ctnttash, 1 per cent to 3 per cent volatile matter, and about 1 per cent moisture. 
The coke for sale usually contains a higher percentage of water than this, and 
contents of from 5 per cent to 15 per cent, according to the**conditions of quenching, 
storing, etc., arc frequent’occurrence. Gas coke is a moderately hard, porous 
mass, with roughly rounded surfaces ; in colouj'it is greyish, with a somewhat 
metallic lustre, arid frequently shows a yellowish tyige. It is softer than oven eoke, 
and having been carbonised at lower temperatures, contains rather more volatile 
matter* The use of a strongly caking coal for gas making purposes in some parts 
of the country produces a coke which is sufficiently strong and hard to serve as a 
metallurgical coke, but as a general rule gas coko is unsuitable for this purpose. 
On account of the difficulty of ignition, and tho unpleasant 6mcll sometimes 
associated with its eomjiustio!), gas coke is not popular amongst domestic users. 
The difficulty of ignition i? due partly to the low volatile content, partly to the 
high moisture content, and partly to inherent characteristics of structure of the 
coke. “ 


CHARACTERISTICS OF HICIII TEMPERATURE COKE 
(6) Oven Coke 

In thejoke oven process the charges are firmly packed in recovery ovens and 
heated to temperatures of 1200° C. or 1300° C. Tho swelling {grime of the coals 
used causes pressure to be oxcrtetPon the walls uf the ovcfl, and the final product 
is a very harjf dci^e coke, which *is capable of resist mg heavy weights without 
crushing. Ir, was clearly demonstrated by Ur. Lessing 1 , in 1912, that the excessive 
frothing of certain coals could only occur when sufficient room was given for free 
expansion. If the coal is confined, the largo bubbles, which would otherwise tend 
to form an excessively spongy and weak coke, mvliurst by coutact with surrounding 
particles themselves confined by the u^lls ol tile retort;. The effect is clearly 
shown in the laboratogr apparatus devised by losing, in which ground coa! 
is carbonised in tt vijtical silica tube heated externally A loostty fitting plunger 
rests on tho coal, preventing expansion, wlfllat e fc t (He same tiqje allowing the 
gas to escape through tjic annula* space between tlu^plungof and the walls of 
the tube, a * 

1 Lessing, R. 41 A Laboratory Compuriiiy the 6ftkin£ Proportion of Coal 1 ’ Prof . hut. 

Gim EnijYfi.. 13fch -limn, 1912, Suo Research Jbmrd: Physical ami Chemical Survey of the 

National Coal RoBouruag, No. 2. MReriw Report on MethodW Analvsia of C*>&1. ffl.M. Stationery 
Offiee.) • • r • • # 
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PRODUCTION OF LOW TEMPERATURE COKR 

In the low temperature process, as its name indicates, the temperatures attained 
in the retorts, which are usually in the neighbourhood of 600° C., are much lower 
than those obtaining in either gas or coke works practice, In most of the present- 
day systems attention is . directed chiefly towards making a coke with certain 
desirable characteristics 'not usually possessed by high temperature products. This 
can generally only he secured by leaving in the coke d greater proportion of volatile 
matter than would be left iit hig'i temperature coke, and the yield of gas is there¬ 
fore low. It has already been explained that the fuel oil obtained is of great 
significance, and that the high calorific value of the gas makes up to some extent 
for its relatively small volume, especially in view of its value as an enriching agent 
for low grade gas. 

There are essential differences in the various systems which have been adopted 
for low temperature carbonisation processes, but these fall approximately into 
three main classes, which are described in detail e^kc where ; in the first two, the 
retorts arc externally heated, but in the third t t he crashed coal is exposed to the 
action of heat derived from producer gas, which is passed over and through tho 
mass of coal. The nature of the cokes produced, both in regard to chemical consti¬ 
tution and physical characteristics, bears a close relation to the nature and mode 
of preparation of the parent coals, and to the particular method of carbonisation 
adopted, but in genera! low temperature cokes have a duller appearance than gas 
or oven coke, are softer and more friable, and arc sometimes lacking in uniformity 
of texture. Their chief difference in chemical composition from gas or h’’st furnace 
coke lies in their relatively high proportion of volatile matter, which is usually 
between 7 per cent and 10 per cent. The temperatures employed m low temperature 
installations (up to say 050° C.) are so near the decomposition temperature of ti e 
coal itself, that the treatment which it receives inside the retort has a considerable 
influence upon the nature of the coke produced. As explained in Chapter X, 
non-caking bituminous coals giye coken which are soft and friable and quite 
unsuitable for transport, while the use of strongly caking coal renders difficult the 
satisfactory design of mechanical details- of the retort. For satisfactory results, 
therefore, the ccal used mus reilhcT bo'sufficiently caking to yield a strong, coherent 
coke under the given worl mg conditions, or must be mixed ^r blended with good 
caking coals iii such proportions as to afford the necessary strength to the resulting 
coke. The. result^ of recent researches have Clearly indicated the important part 
which Sr played'by the breaking down'and blending of different types of coal in 
securing those qualities 'of 1 hofitogeneity andpn^Rical texture which are so material 
to any form- of smokeless solid fuel intended for domestic use. The effect, in 
‘addition, of briquetting fine cAal by subjecting it to high pressures prior to 
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carbonisation is receiving mu*h attention, and it is probable /hat this treatment 
will simplify aj^ cheapen the subsequent operations of carbonisation. Experience 
has shown that th# briquette# produced in this way from certain coal blends may 
laci robustness, and so tend to break down during the subsequent carbonisation ; 
but decent experimental work at H.M. Fuel Research Station has proved that by 
briquetting the same disintegrated and blended coals at temperatures high enough 
to cause incipient fusion of some of the constituents, a toljjist typo of briquette 
may be obtained with a coarser material, and wHh a lower pressure than wqyld 
otherwise be requfed. * * 

VARIETIES OF LOW TEMPERATURE COKES OBTAINED FROM 

* DIFFERENT PROCESSES 

• 

In Chapter XVII, details of the plant and methods employed in the various 
types of low temperature carbonisation processes will be given, but the com¬ 
positions of certain varieties of low temperature cokes, which have been chosen 
as representing typical aar bom's mg systems which differ from ono another m some 
essential feature, are here Jfiven ,li Table XXIV, in conjunction with those of gas 
and oven cokes. Analyses Nos. 0 and S, the Maclaurin and “ Sensible Heat ” 
(Nielsen) products respectively, represent cokes from internally heated retorts; 
all the others are from externally heated retorts. The coke in Analysis No. 4 
is that prepared at H.M. Fuel Research Station from a blond of caking and 
non-caking coals in such proportions that a slight shrinkage takes place on 
carbonisation, and no artificial pressure, on the fused coal is necessary for the 
foraiatioirfif hard soke. A coke of a similar character m that nj^de by the Coalite 
process (Analysis No. 5), wherein coal blending is also employed, but where tho 
fuel is in addition confined to some extent during carbonisation. In the “ Pure 
Coal Briquette ” process (Analysis No. 9) tile coal briquettes "are subjected to 
varying stages of heating a? they pass down tlie retorts, and the, method also 
differs from others in that the coke is finally heated at the bottom of the retort 
to teiqpciaturcs wbigh arc high enough to reduce the quantity of volatiles to about 
2 per cent or 3 per cent. AS lias already been staled, tho authors of this process 
consider that the fine cell structure*>f tnc emergen >^;oke, which will be discussed 
in more detail later, compensates for the Lick of V ■ tile matte* so that the free 
burning qualities of the cokes are not forfeited* 

THE CHARACTERISTIC^ OF LJ)W TKMPEtuTDtffe COKES 

• tp^OHEKKNCY .• • • 

The coherency of a coke £ £ Already been slio^n to depend jipoi*jthe presence 
in the coal in sufficient quantity of hiibstaneqp Sliich upon carbonisation \ct ass 
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binding materials t* other constituents. If this binding material is in excess, steps 
must be taken *to prevent excessive foaming. This ftwy be effected in various 
ways, such as by confining the coal, as discussed,, above, or Jby subjecting the 
material to a prc-lieat treatment or to oxidation, which will destroy some of tile 
binding material. The most promising method, however, is to provide, by blending 
with a non-caking coal, a, sufficiency of more inert material to absorb .and so utilise 
the excess binder in the swelling coal. 

...Figs. 15 and 10, reproduced by permission of Sir George Becjby, illustrate cokea 
produced from different coils inj;the laboratory assay apparatus. In Fig. 15, at 
A, is shown the result of carbonising n type of coal (Ellirjtown Main Breeze) deficient 
in caking power, the residue taking the form of a non-cohcrent powder only 
suitable for briquetting or burning in the pulverised form. On the other hand, 
at C, the coke from Mitchell Main coal has foamed up during carbonisation and 
become stereotyped in that form. It is friable and quite unable toistand transport. 
At B the result is shown of intimately mixing the above two coals before carbonisa¬ 
tion. The coke, which has shrunk during the protkss, is strong and fine grained 
and eminently suitable for use as a smokeless fu*jj. * 

It iB well known that most coal scams present a succession of bands of variable 
fusibility, each of which if carbonised alone would produce i a coke of different 
structure. It will bo seen therefore that such seams, when carbonised as a whole, 
will produce cokes of varying characteristic* according to the proportions of the 
caking or non-caking bands present. It sometimes happens that the two types 
are present in Buell proportions that a good coke is produced without additional 
blending or external pressure. An example of such a coke from Daitor ,Main coat 
iB shown in Fig. 11>, A being a side view and crons-section, while B is a plan view 
of the same specimen. 

Messrs. Sutcliffe and EvanB 1 claim that most coking coals briquetted cold with 
25 per cent of breeze without is binder and subserjivyully carbonised will give an 
excellent smokeless fuel, but it must be borne in mind that tile breeze in re- 
carbpnising taken up space in the retorts, and yields no gas. In the carbocoal 
process, low temperature coke is ground, blended with pitch and briquetted, and 
the briquettes carbonised until a low volktile product is obtained. The carbocoal 
briquettes arc dtpise and sti#Yi;>and foYm an efficient subsi itutc for anthracite. 

ft 

(ft) Volatile Content 

* • 

Table XXIV sh<fws that the possession of 7 per cent ’to 10 per cent of volatile 
matter is a common property^of low temperature cokes other than the exceptions 
referred to above. This high volatile content is‘*o some extent responsible for the 

1 S^utclLffe* and Evans. “ Low v. Hj^h Temperature Cartom^atioii,” Proc> S. Wales I net. Engr3. t 
^Oth April, 1922, r , * * 
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easy ignition and free burning properties of such cikcs, and it has been shown at 
H.M. Fuel Research Station that the same process, in conjunction with different 
times of carbonisation, produces cokes of different combustibility, the easy com¬ 
bustibility of cokes containing volatiles of the above order being to some extent 
lost if the time, of carbonisation is bo prolonged as to reduce the volatiles to lesd than 
4 per cent. Biinte and Kolmel, 1 however, claim that a low temperature coke once 
produced can be her tea to increased temperatures out of contact with air, until 
aff the volatile matter is removed, without interfering with its property of ready 
ignition. ' 

(c) Structure 

It would appear, therefore, that properties other than chemical have a con¬ 
siderable bearing upon the combustibility of a coke. Recent experimental work 
has indeed amply demonstrated the important consequences of structure, and 
has shown that one of the main factors involved is the area of the cell surfaces 
upon which gases can act, and which it is desirable should bo as large as possible. 
The structure of a coke is determined to some, extent by the nature of the car¬ 
bonising plant used, but is chiefly influenced by the action of the caking constituents 
of the parent coal. Tire results of the ordinary methods of cos' analysis may serve 
for a rough classification of coals into types, but very little information is actually 
gained thereby as to the real nature of the coal, or its probable behaviour on 
carbonisation. Further, most coal seams are built up of bands of coal which 
individually may differ considerably from the seam average, and which, therefore, 
if carbonised alone, would give correspondingly different results. The temperature 
of carbonisation t.nd the conditions under w r hich it is carried out also affect the 
physical properties of tiic coke product. 

The question of the structure of coke w r as reviewed by Sir George Reilby in 1922, s 
when he described certain variations in structure of varieties from wood charcoal 
to metallurgical coke. In wood chnreoal the original cell structure of the wood 
is preserved, but observation showed that in coke produced from coal the final 
cell structure is that of bubbles formed from fused or partially fused coal substance. 
The firet stage will be the formation of a fr am in which each bubble is a self-contained 
cell, but mutual perforation of pointB of contact produces a spongy mass through 
which the gases ultimately escape. As the temperature of the coal mass is raised, 
gas constantly forms ; the development, therefore, is continuous. Bubbles are 
formed so long as the nuss remains sufficiently plastic ; but when this stage is 
passed -no further development can take place, although gaa may still be evolved 
without further modification of structure. The temperature at which carbonisation 

* BSnte eel Kolmel, 11 Coke Ignition Temperatures.” Oat u. Watter/ach, October, 1922. 

* Beilby. “The Structure of Coke. ita Origin and Development." Fuel ire Stmt* and Pf idict, 
Dooember, 1922. 
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takes place, or, rather, the rate at which the temperature of the coal is raised, has 
a considerable bearing upon the final structure of tho coke which Has been attained 
when rigidity set# in. Unlesa,confmed in some way, snch as, for example, by solid 
boundary surfaces, the large bubbles which will be blown in a swelling coal will 
tesutt in the production of a light, porous mass. If the coal, or coal blend, contains 
the correct proportion of fusible constituent, the final.'bubble structure will be 
governed by the initial state of divisional the particles. *With finely divided coal, 
for example, it wfil consist of minute cells of uniform structure. A dense fuel, 
with a large number of such small cells per unis yf tho vitreous carbon mass, is the 
ideal generally ifimed ^t.. It has been successfully attained, as already mentioned, 
by the blending of fusible and non-cakiug coals, which is fully described in the 
Report of the Fuel Research I^pard. 1 In this method, mixtures can be obtained 
which will pass through the fusion and bubble-forming stages without external 
swelling, and which will yield a fairly hard coke of slightly le68 volume than the 
original coal. • 

Several other investigators have shown that a similar effect can be p/bduced 
by using coke breeze instead of the uon-caking coal, and in many other low tem- 
perature carbonisation processes it i6 now recognised that coal blending is a very 
satisfactory metluW of giving a suitable fuel. In the “ Pure Coal Briquette ” 
process already referred to, the coal is very finely ground after blending, in order 
that the ultimate structure of the coke may consist of very minute, but inter¬ 
connected cells. In this connexion it is of interest to note the high apparent 
density of this type of Coke, which has been given as 1-15 in comparison with the 
more usu#l values of 0'7 to 0*9 for other varieties of low temperature coke. 

» • 

(tf) Density, Prosity and Combustibility 

Sir Gcorge*Bcilby, from his studies of the formation of carbon by the carbonisa¬ 
tion of sugar, and of the miclostructure and properties of coke, has .arrived at the 
conclusion that most carbonaceous residues, from wood charcoal to the hardest 
coke consist of carbon in the vitreous state, i.c.. it is a true glass. The density of 
this material is in the noiglrbourhood of 1-85 to’1-9 as compared with 3*55 and 
2*55 foT diamond anil graphite respectively. Until, recently, metallurgists have 
considered density and porosity to be reciprocal tlicone to the otter, that is to say, 
tho usual method ol calculating porosity has* been by means of ^ie ratio of the 
relative volumes of acti^pl coke substance and interspaces. It is obvious that a 
value for porosity calculated in such a manner can give no indication of the actual 
area of internal surfaces«developed ; neither can aqy’opinion be formed as to the 
accessibility of such internal surfaces to an oxidising or reducing agent, Combus- 

* • • • 

i Fuel Reseerch Board. Ke^rt for Years 1920, 102> J Second Section ; '^Low Twuperatura 
Carbonisation.” (H.M. Stationery Office.) • | • 



14?' LOW TEMPERATURE CARBONISATION 

tibility has been generally regarded as depending on tfhemical rather than structural 
features in the coke ; but if the actual material ox cokes possessing Widely differing 
degrees of reactivity is such a definite substance ns vitreous carbon, wc must bjok 
elsewhere for an explanation of the differing properties. The most likely direction 
is obviously in the amount of surface, exposed to chemical action. A similar Innas 
of carbon can obviously ^lifter very widely in this respect. For example, wc may 
have a solid mass of vitreous earbpn conomtrated in a cube vf say one inch side, 
so 'that the area exposed to oxjjjlation is six square inches, presuming a synihir 
degree, of exposure in each of the <~.ix surfaces of the cube. Again^thc same weight, 
of material might be arranged ir the form of cubes of ■ j’^inch side, with spaces 
of say -,^-ineh between the feces of tlio cuius;. The an a of each face of each cube 
would now be , of a square ineli, or a total of , J B rquare inches to each cube. But, 
since we now have 1000 cubes, the total surface would be , So X1000 = CO sq. inches, 
or ten times as much surface as was possessed by the original 1-inch cube. Further 
subdivision would result in increasing the surface arya to ahy extent we please. 

In the original cube, reaction can only take place over the external surface; 
but in the modified systems reaction can proceed on the surfaces in the interior, 
provided always that a circulation can be sot up which shall furnish a sufficient 
supply of oxygen for combustion, and at the same time remove efficiently the 
products of combustion. However, if we proceed as above to increase the surfaces, 
we are at the same time rendering them more inaccessible to t he action of the other 
element necessary to the reaction. It would therefore appear that the increase of 
surface provided by minute subdivision will be eventually neutralised by difficulty 
of access of air textile interior. It is obvious, therefore, that tim usualVnethod of 
estimating porosity can'give no indication of the relative area of the internal sur¬ 
faces, neither ran it give any idea of the accessibility of such internal surfaces. 
In this connexion Sir Ceorge Beilby has determined the sizes, of the larger bubbles 
in a typical metallurgical coke, since these are likoiy to be the most accessible. 
Such bubbles range from 3 or 4 mm. down to 0-5 mm. in diameter, and he con¬ 
siders that the “ free circulation of gases will mainly occur through the laiyer of 
these, as they have probably been opened up and kept open by the rapid discharge 
through them of the carbonisation gases.” 

For dense, pm -briquetted coke obtained by fine grindiitg, he has estimated that 
the larger pores range from 0-5 mm. down to 0-1 nun., but points out that “the 
fact that the combustion ,of tnese briquettes proceeds definitely from the outer 
BUrface inwards shows that the internal circulation of the oxidising gases is much 
more restricted than in the rasp of metallurgical coke. Sutcliffe and Evar.B believe 
that the reactive surface of the coke briquette is so immensely greater than that of 
metallurgical coke tliat the increased rate of combustion more than compensates 
for the lew free circulation thro ugh the mass.” 
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From the above it is obviitos that a coke may burn either entirely at the external 
surface or partially externally 3ml internally at the same time? according to its 
structure. Coke# of both types have been produced under low temperature con¬ 
ditions at H.M. Fuel Research Station, and both present attractive features. In 
'the*coke cakes, made in the horizontal retorts at temperatures of 600° C., the 
burning appears to take place at the surface and foT som*’ distance into the interior, 
and this certainly gjvcs the most attractive firm • 

Low temperatiAc coke, formed by preheating disintegrated coa ^ ,0 ■" temperature 
at which incipient fusion takes place, and briquetting at this temperature, followed 
by carbonising ft COO^C.. appeared to burn mainly at the surface. The. carbonised 
fuel is very dense, and as strong as a good metallurgical coke, but on burning deposits 
a iineVsh on its surface, which*if not brushed away, produces after a time a rather 
dead and unpleasant-looking fire. In the authors’ opinion the best result will 
probably bo obtained by using coarser particles for briquetting, so that if a suffi¬ 
ciently robust briquette ear^ be obtained 1o stand the subsequent carbonising 
treatment, a more open structure will be evolved, which will at the same tihic give 
a fuel denser than the horfcoutd. retort coke cakes. This, however, remains to be 
proved, and the relation of “ accessibility ” of surfaces to rate of combustion is 
how being investigated both at H.M. Fuel Research Station and elsewhere. 

The microphotographs, reproduced by permission of Sir George Beilby in Figs. 
17 to 30, illustrate the appearance at different (low) magnifications of cokes ranging 
from wood charcoal to blast furnace coke. Beautiful as these photographs arc, 
Beilby baa pointed out that they cannot take the place of patient microscopic 
study of the actual specimens, using lenses of gradually increasing resolving power. 
The necessity for such study to tlu* proper appreciation of tile arguments in Beilby’s 
paper strongly impressed itself upon one of the authors, who had the privilege of 
following Beilby’s work in thin connexion, stage by stage as it was developed. 

FORMATION OF COKES UNDER LABORATORY CONDITIONS 

• • 

The laboratory assay method, which has beam tfaborated at H.M. Fuel Research 
Station, has proved particularly useful*f«n the study of different types of coke 
produced by carbonisation of coal at low temperatures, and Ijy its means the 
influence of the fusibility of the coal upon the ultimate structure of the coke can, 
to some extent, bo followed. It was possible at tlb Research Station to correlate 
these results with those obtained on a larger scale in a setting»of horizontal retorts 
which had been special])' built for low temperature carbonisation experiments. 
In the preliminary work which led to the perfected methods of test, it was observed 
that the time of heating exerted a marked effect jupon, the final structure of the 
coke. On the* small scale of the assay apparatus (20 grammes) ftnmcdiafe sub- 
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jection to the full temperature of 600° C. resulted it a very much more swollen 
coke than if the mass was heated more gradually.' Heating of the laboratory assay 
tube by stages was soon discarded, as it led to condensation of theater vapour aloijtg 
the charge and its consequent secondary decomposition. Attention was therefore 
directed towards finding a set of conditions which would obviate so far as possible' 
decomposition of the prytiary gas and tar, and yet produce a coke” which was 
similar to that formed'from the sany) coal in large-seal? practica. The most impor¬ 
tant factor was obviously th<; ratgiof heating, and since on a lar^e scale the rate of 
heating is much slower than in any laboratory apparatus, it was decided to slow 
down the rate of heating in the a-say method by starting, at a fow temperature 
and working up to the final. In an intermittent retort the outer layer is heated 
rapidly to nearly the full temperature, while the centre of the charge is probably 
not heated through for several hours. In a vertical continuous retort the rate of 
heating would be more uniform, and the coal may be regarded approximately as 
passing through successively increasing zones of temperature'to the final carbonising 
zone. The condition finally chosen for the assay was that the retort containing 
the dry coal should be introduced into a chamber at '300° C., or well below the 
point of visible decomposition, and the temperature raised during one hour to the 
full value desired. A further hour at this temperature completed the carbonisation. 

The cokes obtained in this way were very similar in appearance and yield to 
the horizontal retort cokes, and when at a later stage a coke which would bind 
well without swelling was sought for, the apparatus became extremely useful for 
predicting the necessary proportions of caking and non-calting coals. 

, • * 

LOW TEMPERATURE COKE AS A HOUSEHOLD FUEL 

The most important potential use for low temperature carbonisation coke is 
undoubtedly ns a domestic fuel, though tests have shown it also to be well adapted 
for industrial purposes, c.g. a gas producer fuel. The open domestic fire, since it 
attains a relatively high temperature, emits the greater part of its energy as radia¬ 
tion. Determination) of the heat radiated therefore form a reasonable basis of 
comparison of the behaviour of different fucE for domestic purposes. The work 
of Dr. Margaret-Fishcnden 1 has shown conclusively that the radiating power of 
coke, especially that produced from low temperature processes, is greatly superior 
to that of raw coal; for instance the radiation efficiency,, or the proportion of the 
theoretical energy of combustion of the, fuel burned, delivered as radiation in three 
different types of sitting-room grates, was found by Dr. F/shcndcn to he 24-2, 19-5, 
17-3 respectively for bit umino us coal, and 30-8, 24-0, 19-9 for a low temperature 

1 F- -el Beerawh Board. Teen. Paw t'Slo. 3. “The Efficiency o' Low Temperature Coke in Domestic 
Appliances.'’ Margaret White Fishenf en, D.Sc. (H.M. Stationery Office.) 
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coke. The comparative performance of the two fuels, weight for weight, will 
obviously be dependent upon the relative calorific values, but it as apparent from 
the figures quotedKhat a low temperature coke of calorific value, say, 12,500 B.Th.U. 
per pound, will in general give considerably more radiation than a coal fire burning 
at the same rate. It will be noticed also in the figures quoted above tliat the higher 
the efficiency of the grate, the more pronounced was the.advantage of the carbonised 
fuel oyer raw coal. 9 * , 

In addition, tffe easy igfiition and free bufiyng properties of low temperature 
cokes, the bright, hot, glowing and extremely utiracftvc fires which they produce, 
and the entire •immunity of these fires from black smoke emission, render low 
temperature cokes a clean and convenient household fuel; and if such cokes became 
available in large residential centres the problem of increasing tko efficiency of the 
open fire would be greatly simplified. 

When raw oaal is burned in the open fire, its distillation in silu is the cause of 
the smoke trouble. Tko smokeless combustion of the products of this distillation— 
gases and tar—can only be obtained by continual care and attention that cannot 
be given in practice. Httnco the chimney of an open fire which is continuously 
used must be swept several times yearly, while the unpleasant task of cleaning 
dampers and flueS must be undertaken every few days. With smokeless solid fuel, 
on the other hand, the operation in the fire is simply one of combustion, and no 
regulation is required other than tliat of the air supply, which controls tho rato at 
which the fuel burns. On account of the absence of smoke production, chimneys 
of reduced size are adequate, and corresponding economy is gained in building 
and maintenance ^eosts. The draught regulation itself is also simplified by the 
more uniform action of flues ajyl dampers, which remai^ clean* and unblocked by 
soot or tar. 

• For watdl hetfting, especially in independent boilers, low. temperature cokes 
are again greatly superior tf> coal in actual efficiency, values of 20-7 per cent and 
17-3 per cent having been obtained by Dr. Fishenden from the back boilers of 
oii^nary kitchenere.as compared with corresponding figures of 14-5 per cent and 13-1 
per cent for coal; and in a* independent hruld' an efficiency of 41 per cent for low 
temperature coke contrasted well with*31. per cent for coal. Their easy ignition, 
freedom from smell, afid certainty and simplicity of regulation differentiate them 
favourably from g& coke. • * 

For oven heating in ordinary kitcheners, low* temperature coke appears to be 
somewhat less advantageous thali raw coal. In most of the tests about equal 
numbers of heat units were required roughly to give similar resdlts in oven heating 
or to cook similar mejms. In certain special rangets based upon independent boiler 
design, however, low temperature cokes appear to^be better thtyi coni 
*The prolmble behavior* of these brighjl/ flowing^ fuels, vjitli low# volatile 
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contents, and consequently little flame, may frequently be anticipated from the 
design of the appliance in whioh it is proposed to burn them. Their advantage, 
in fact, is largely duo to enhanced radiation—though the noJL-luminous flame 
produced from the remaining volatiles is not without its effect—and is most marked 
when the distance between the fuel bed and the oven or boiler surfaces is low, 
or the fuel bed enclosed. -.Where the oven or boiler surfaces arc far removed from 
the fuel bed, the superiority of coke is diyiinished, or even iy certain cases may 
disappear. In these cases the di^ett contact of the long and tir-reaching flames 
of bituminous coals apparently iyoie than counterbalances the highc radiation 
from the coke. When it is considered that the practical .comparisons given above 
refer generally to appliances planned to bum coal, the favourable results obtained 
with the new fuels may be considered highly satisfactory, for there is little fioubt 
that in appliances specially designed for the latter, their superiority might be 
considerably magnified. 

For household purposes, it is essential that cokes jdiould<be produced in such a 
form as to be easily handled. Moreover, the individual pieces should be roughly 
uniform both in size and structure, so as to be suitable for charging on any ordinary 
domestic grate. They should also be strong enough to resist severe handling without 
excessive breaking, and be reasonably clean to touch. In the (-arly days of low 
temperature carbonisation, the resulting cokes from the non-caking coals used 
were friable and uneven in structure; but the material produced more recently, 
if not entirely free from these faults, proves, both in size anti shape, a highly 
convenient fuel. No one who has had experience of the height, hot, uniform and 
extremely pleasant fires which good low temperature cokes produce woul«,l wish to 
exchange them for the pld, smoky coal fire, and the economic production of a 
satisfactory low temperature coke on a large .scale should prove an immediate 
amelioration of the smoke nuisance. 

LOW TEMPERATURE COKE AS A PRODUCER FUEL 

Low temperature cokes are eminently suitable foT gas producers, as the^gas 
formed is higher in calorific value 'than that from gat, coke, and Sr free from the 
tarry dejiosits characteristic of richer fit els. The practical application of low 
temperature coke jo gas producers offers a means of making k very ready comparison 
of its increased combustibility over that of ordinary gas dokc. Table XXV 
gives the results of experiments’ carried out at, H.M. Fuel Research Station on two 
samples of coke crushed to the same size, and burned in a small gas producer under 
identical conditions. It will be seen tnat the rate of combustion of carbon was 
23 per cent higher for tlie low temperature coke than for the .gas coke. The greater 
speed of reaction is also indicated by the increased temperature (200° C.) of the 
hot zont of the producer,’n the wise of the low temperature coke. ■ 
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A somewhat similar metholl of comparing t tke-Combustibility of cokes has been 
described by 6. Taramann. 1 In*this method the cokes are consumed in small 
cylinders, open at fhe top, into # which equal quantities of air are blown. The relative 
combustibility is then measured by comparing the heights of the cones of burning 
carkdn monoxide. a 


TABLE XXV 

.* * ' t 

Comparison of Lcfw Temperature Coke and *{1as JLloitii Used in Phoducers 

^ a 


• 

• 

H.M. Tuol Research 
Station : Low 

Vert ical Retort 

Rate of consumption of coke : Us. per hour 

Temperature Coke. 

Can Coke. 

8-63 

612 

Rato of consumption of carbon : lb. per hour 

G-56 

D-33 

Temperature of h#t zone .... 

1000*0. 

800" C. 

Composition of gas mad* 

CO,. 

101 

14-3- 

0, . . ., .« 

0-4 

0-9 

CO. 

17-2 

8'G 

1T S . 

— 

-- 

CII 4 . 

. 

— 

N 2 . 

72-4 

70 2 


LOW TEMPERATURE COKE AH AN INDUSTRIAL FUEL 

Considerable attention has bton devoted during recent years to the application 
of gas coke as a steam-raising ftielj jiartly on the grounds smoke abatement, and 
partly with a view to absorbing the*continually increasing coke yields of our gas¬ 
works. For these reasons many large concerns have adopted cokfc as a boiler fuel. 
The Paris Gas Conqiany in 19i*() adoyted gas coke for boilers,lifter carrying out for 
one year tests in which gas coke ami coal were found to be about equivalent, weight 
for weight, the highej efficiency given by tlm coW, and the reduced loss in small 
particles of unhurried fuel, making up for the lo^'ur calorific value. The value 
of the pioneering work*of Mr. E. W. L. A’icol* and the J/rndon Coke Committee, 
both during and since the war, in encouraging the industrial ufe of gas coke, is of 
great importance, and is discussed at length in another volume of the present 
series. .* • 

9 4 

Although there are few published data regarding the efficiency of low tem¬ 
perature coke as a fuel fo^steam raising, sues cxperhyiit; as is available shows that 
it shares the advantages ef coke firing without some of the disadvantages associated 

* G. Temmsnjl. Stahl uni Eitet i, 1922, 42, ifo. lC,*pp. 677-8. 

1 *Nipo), E. W. L. Vote and Ita Ut t*. (Jk'im JBroe.) • 
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with the high temperature products., Jmw temperature coke as a boiler fuel behaves 
in a Bimilar maimer to a smokeless WelSh steafii coal. It is easily kindled and 
hums freely with a good radiation efficiency. The tojal absence eft smoke-producing 
volatile matter renders it easy to maintain the chimney absolutely smokeless, 'its 
only disadvantage is that associated in some cases ovith its hulk, so that Weight for 
weight with hand stoking, the firing has to be more frequent than in the case of 
coal, in order to maintain a unifojrn fire*and so obtain the,maximum economy. 
TRc pre-briquetted fotui o£ lo^ temperature coke being much denser would of 
course not share this disadvantage. 

PULVERISED LOW TEMPERATURE COKE 

* 

The possibility of using low temperature coke in the powdered form has been 
pointed out by S. W. Parr and C. K. Francis. * The burning oh fuel in the fhicly 
divided form has lately been making great strides iv the United States of America 
and on the Continent. In this country, however, with the exception of the cement 
industry, where powdered coal is used exclusively its the rotary kilns, progress 
in the utilisation of pulverised fuel lias been disappointing. Signs are not wanting, 
however, that our industrialists are beginning to realise that there are certain 
manifest advantages to be gained by the utilisation, of fuel in this form. Progress 
is likely to be hastened by the most recent development which has taken place, 
viz. the pulverisation of the fuel in small self-contained pulverisers, situated 
practically at the furnace month. This method complettly obviates the necessity 
for the cumbersome and costly plant associated 'with some eif the earlier instal¬ 
lations. * . t 

The advantages of pulverised fuel arc summarised in the General Electric Review 
for May, 1918, as follows :— ’ 

(1) Flexibility ef control of fuel and ah, and ability to extinguish the fire 
instantly. * 

(2) Complete combustion even at high rate of burring, aim elimination of smoke, 
always assuming that the installation is properly made and operated. 

(3) Burning, fuc'I in suspension eliminates the usual troubles which result from 
the formatiorf of clinkers in the fire bed when the coal is burned in grates. 

(4) Low grade fuels .-naV.be burned efficiently rcfjardlesR of the proportion 
of ash, sulphur or other impurities. ^Vhere low grade fuels are bumeu iu 
grates, the capacity of the furnace is reduced in proportion to the percentage 
of incombustible content. This limitation does n<V hold when burning pul- 

'Vkrr, S. W., and Francis, C.. K. “ The Modification pf Illinois Coal by bow Tomjirrature 
Dfstilktion.” fluUetiii, 24,'Unjv. oS Hiinoia 
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verised fuel in suspension, aa the amount of ash in suspension in the flame 
at any one time is inconsidbrable. 

*5) Very little excess air if required. This reduces the stack loss as well as 
the power required for the draught blowers. Less area is also required in 
* flues and stacks. \ 

(6) Maximum fuel economy is possible in many applications. 

(7) The expense df supplying coal to scattered industrial furnaces is thereby 
reduced to a minimum. Pu^erised fuel has flefti-fiufd properties ; it flows 
easily andean be transferred through pipe*, 

(а) by screw conveyors; 

(б) in a mas%by means of compressed air; 

(c) in suspension in a current of air, 

• 

For satisfactory an^easy burning in the pulverised form it is desirable that a 
fuel should contain about 10 per cent of volatile matter. Since this is the amount 
usuall} left in a low tempojatur* coke, pulverisation is a very attractive method 
for utilisation of the fincB and breeze which are associated with some of the systems. 
Indeed, if there were a free market for the fines such as would present itself if there 
is in (.he near future a great development of powdered fuel installations, the range 
of coals available for low temperature carbonisation would be widened, and certain 
early typos of retort might become profitable in working. 

Another advantage of low temperature coke as a raw material for pulverisation 
is its comparative friability. Oqp of the chief difficulties encountered in the pulveri¬ 
sation of some other fuels is the excessive wear and tear of the grinding apparatus. 
It is unlikely that it would be economically sound, unless in exceptional cases, to 
jjm a carbonising plant for the pi rpose of disposing of the whole of its coke os 
a material for pulverisation; but, -if were pos: ible to doyhis, the carbonising 
plant and the coal caxboniscA could B© arranged to deliver a coke in which the 

property of easy pulwisalion could bo developed to the utmost extent. 

I • 
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CHAPTER XII 


THE PRODUCTS OF LOW TEMPERATURE CARBONISATION 

♦ 

GAS 

COMPOSITION OF GAS OBTAINED FROm' LARGE-SCALE PLANTS 

f t 4 

It has already been., explained that the composition of the gases which arc 
evolved during the theLnal decomposition of bituminous coal varies hot only with 
the temperatures employed, but'also with the time over’which the o'peration 
extends, the rapidity with 'which the volatile /products emitted are removed from 
the retorts, and other practical conditions. , t 

In any large-scale practice, the primary products of distillation arc subjected 
for some time to the heat of the retort. Owing to the secondary decomposition 
which is thereby caused, neither the gaseous nor liquid products of carbonisation 
actually collected represent the true products initially liberated from the heated 
coal. Moreover, as coal is an indifferent conductor of heat, the temperature of 
the charge in the retort is far from uniform, for while certain parts may become 
heated rapidly, others pass through a more gradinl change. 

It is not therefore possible to give specific analyses of the gaseous products 
associated with different coals and different temperatures of carbonisation which 
will apply precisely in all cases. The published data of large-scale gas compositions 
are few, hut Table XXVI shows analyst's of the actual gases obtained in two large- 
scale plants which are typical of external and internal methods of heating. These 
ate : Fuel Research Board horizontal retorts and the Macluurm retort. The former 
may be compared with the composition of the gas produced on the laboratory scale 
by Wheeler, using Altofts Silk,stone coal, carbonircd r.t temperatures of 150° C. and 
600° C. respectively, and that obtained from T.M. Fuel Research Station Assay 
method already described. (Page CO.) The ga 1 obtained with4he internal system 
of heating is not eoiyoarablc with these labor tory results since it contains com¬ 
bustion and producer gases inherent to its pal -icular system of heating. 

COMPOSITION OF GAS OBTAINED IN LABORATORY EXPERIMENTS 

' In-fables XXVII and XXVIII .detailed figures of Largess and Wheeler’s 1 
small-st ale experiments in vacuo at temperatures ranging from 100-800° C. are 
shown, and bring out clearly the critical period in the decomposition of the coal 
between 700° 0. and 800° (which has already been discussed in Chapter VI. 

In / the composition of the gases obtained from full-scale installations diifcrs 
considerably from that yielded in laboratory experiments, though that produced 
•in the la T gc-scale experimental plant at H.M. Fuel Research Station is closer than 
many others. j The causes of the divergence may be classed broadly as (1) the dilution 

1 Burgees and Wheeler. “ Ttd Distillation o< Coal in a Vacuum." Trant. Cham. Soc., 1014,106,131-40. 

' . "1 , 15G 
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of the rich gas made with a heating gas or a gas made at a different temperature, 
and (2) the “ cracking ” of the riel gas and primary tar to a greater or less degree. 
Thq Maciaurin retort, in whicli t the heating is produced by the internal combustion 

yAlUiE XXVI 

Composition' on Gas Made in Processes for the "'ARBoniSATron of 
* * Goan at 1 .Low Tkml‘«atvrek 


• * * 

Procej^a - 

% 

V, 

and 

Wbficliif 1 
(Lab. settle). 

U.M, I'ticl 
RoBrarch Stn. 

Madaurm 

Retort.’ 

“Assay” 

Hori- 

zonUl 

Kulorts. 

Retort torn;). * C* . 

■150 

<500 

600 

600 

700 

♦ 






Coal used. 

A1 tofts 

Dalton 


♦ 

iSilkstone 

Main 


Gas made c. ft. pel'tonof dry ash-free 






coal . . . 

131 

3550 

30811 

3110 

27,730 

Analysis:— 






CO., 11.,S, etc. . 

15-65 

4-90 

8-8 

7-6 

0-2 

C„H l(l ... • • 

fMo 

7-00 

3-15 

9-1 

Nil 

o* ..... 

* 

— 

— 


O'O 

co . r . : . 

8-73 

7-10 

5-8 

9 

Cl 

cb 

10-0 

11. . . . 

7.00 

2660 


171 

10-1 

i • V 

5910 

nt-iu 

55-4 

56-0 

13-0 

• n. ? : . V 

.... 

— 

— 

■ 4-4 

18-1 

. \ i 


• 

- -Jt 



1 

Value of “n ” in paraffins . . 

1-57 

1-35 

€ 

1-2? 

lit 


. --- 



_ ... 

».. 

* 

Calorific value. B.tR.U.’s pw cu. ft. 


• 1 




(ft; GO'S and 30* satcl.^gross) . 

dllio 

ooo 

850 

1030 


• 

... 

_ 

_ i. 

_ 

Ll_- 


» .• 


of part of the coke, and tho Nielsen retort, where carbonisation is flfectod by the 
sensible heat of producer*gas, arc Aatuples of the first case. ,In thc.^Puy^Coal 
Briquette ” process the rich gas which forifcs at tho tf)p of the Vertical retort is 
diluted by higher temjrefature gas generated lowBf down the retort after the 

1 Rntgesa and Wheeler, Trims. Chan. Sat.. L9IO.0T, J917-3W % 

1 MSudmirin, R. i 1 Low Tempera tiweCarhoiikation eMW." I'riit. S. JTii/fl* Inst. c^Knq., 2#th A[>ril, 
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greater part of the volatile matter has been removed by true low temperature 
distillation. 


TABLE XXVII 1 

Composition of Gases Collected in Vacu<£ by Burgess and Wheeler 1 
Dry Silkstone G^al Used and Gas Cadulated as Nitrocen Free 


Temperature ° C. 

—c- 

100 

V 

200 

* 

200 

to 

300 

r 

r 

350 

to 

400 

Gas:— 





fr 

Vol. @ N.T.P. per 100 






grammes c.c. 

3-1-0 

G5-5 

58-5 

985*0 

4000-0 

H 2 8 

_ 

— 

___ i 

1-70 

0-70 

CO* . 

6-70 

8-85 

35-35 

20-95 

2-85 

0 , . . . 

1-G5 

0-70* 

9-55 

CjH 2 0-15 

C.H. trace 

c*h 4 . . . 

0-85 

0-85 

1-05 

1-90 

2-35 

(n>2)C u H ln . . . 

1-30 

2-90 

18*85 

• 17-90 

G-15 

CO 

1-40 

2-60 

10-50 

3-40 

3-40 

H* . 

1-90 

2-75 

13-35 

15-35 

3G-90 

C n H jn 4 2 

84-05 

81*00 

18-85 

37-22 

46-55 



— 

- 100 - 00 - 

- - - 


d/v for paraffins . /, 

2-21 


1-43 

0-311 

0-302 

(or number of CH 2 groups per 






unit volume of- paraffins) 

— ---«-— 

■ i 

_ , v t 


9 -L 



Appearillfce of II ’S'was at about 270° C. aifd J.iiis is included in the figure for CO* 


, THE EFFECTS OF " CRACKING ” 

J n the gas and tar vapour leaving the coal at a"certain temperature is 
subjected for any fcngth of time to the carbonising temperature, or to the effect 
of heat radiajed from the sides of the retort,, secondary changes take place which 
are generally classed und-jr tih name of “ cracking.” In these changes both gas 
and ta. -r^iur are*affected, and the general effect is the reduction of bodies of high 
molceuhr weight to other* of lower molecular weight, with deposition of carbon 
'’and fonv.ition of lighter hydrocarbons and permanent -gas. A similar effect is 
produced if the vapour ylien tonce formed is allowed to condehse unon cooler coal 

1 Burges# and Wjiyclcr. Trans . Chem . Soc ., 1914,105, 131*40. 
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and is later re-carbonised. Tire factors governing the changes which take place 
owing to tho cracking of the rich gas and primary tar aro many, and they arc 
further complicated by the natural effect of increased temperature as already 
indicated. j 

li any carbonising system a large scalo, the formation of gas at different 

’ \ ; , 

• T^LB xxvar 4 

pASES Cow-ECTED BY BuRGESS*AND WlIEELER 1 

_ CoIl Used : Altofts Silkstone Seam 



temperatsircs proceeds as indicated in Table XXVII, its composition being ffmjtfcd 
later by the cracking of tffc heavier hydrocarbons of both gas mid tar to r> ^extent 
which is dependent flpon the particular process employed. ‘Hi practically all low 
temperature systems the carbonising temperature is % sueh that •tlie gas will 
always contain a eertiin nmouftfc of the higher satlrruted h^jjjjflfbous, 
particularly ethane. 

1 Borgoas a«i Wheclerf Tram. Chem. Soe.., 97,*19IJ-33. 
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THE EFFECTS OF STEAMING 

Special tests which have recently been carried out by the Fuol Research Board, 
and which arc described in Technical Paper No. 7;’ give interesting results of the 
analyses of the average gases produced from tl e carbonisation of coal at low 
temperatures in Glover-West vertical retorts wPh varying amounts of steaming. 

n 

/.-ABLE XXIX 

( 

Yields of Gas from Low T'WERatcre Jaubonisation in Glover-West 

Vertical Retort 


Test No. ...... 

1 

2 

3 

4 

Steam per cent ..... 

Nil 

7-24 

13-47 

20-00 

Gas made per ton of coal, ca. ft. . 

Gas made per ton of coal, therms 

Gas made, calorific value : -- 
B.Th.U.’s eu. ft. - gross . 

nett . 

Gas in therms as % of therms in coal . 

7190 

4G'0 

040 0 
585-0 
1G-5 

6700 

45-0 

6710 
602-0 
, 10-0 

7350 

48-5 

CG1-0 
* 594-0 
17-2 

7750 

49-0 

610-0 

573-0 

17-7 

Analysis. 





CO, . 

4-9 

.7-6 

5-6 

7-2 

C.H. . 

4-7 

54) 

4-8 

4-5 

o. 

0-3 

0-2 

0-2 

0-2 

CO . 

Iff 

8-5 

9-7 

10-0 

H t . 

a *n 

35-5 

37-6 

38-0 

+ 2 ’ * ». * * * * 

,V f) 

33-4 

33 0 

32-0 

N* • ■ ‘ # 

- iS-8 

' 11-8 

9-1 

7-6 


-100-0- 

“ n ” in satd. hydrocarbons 

109 

— 


- 

Sp'i'nfic gravity (air—I) . . 

0-572 

0-544 

0*561 

0-563 

—V -T 

— 

0 .. 

— 



The coal nsed 4 was a'mixture of GO per cent Mitchell Main (caking) with 40 per cent 
Ellistown Main (non-caking), r which had been proved t to give satisfactory coke 
cake^*t*'**G£rbonisStion at 600° C. in the horizontal retorts. The conditions of 
workinpfo the vertical retedtg were determined by a serieg of preliminary tests which 
• indicatni-the desirabilAy of maintaining a tempera turo-of about 850° C. in the 
combustion Chamber nta^ the* top of the retort, decreasing to ^bout 700° C. at the ' 
bottonf. Cokfe applies ble to household use were yielded in all cases. The yields 
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• in each teat arc set out in Tabfe XXIX, together with the analyses of the average 
gases. 1 The steam employed varied from nil to 20 per cent, the gas made ranging 
from 071 B.Th.U. *pcr cubic foot with 7-24 per cent steam to 640 B.Th.U. with 
20 per cent steam. The corresponding figure for no steam should have been 700 
B.Th.U., which was actually obtained for o time, but a leakage of air into the 
retorts through the coke cliambersYeduced the average, figaje to 640 B.Th.U. only, 
as given jp the table. , \ . 

It will be seen bj» comparison wtth Table XXVI thft thf gases obtained froffi 
these experiments differ from normll low temperature gas in their much lower 
percentage of unsaturated hydrocarbons, the percentage being less than 5 per cent 
as compared wit^ more than 9 per cent for H.M. Fuel Research Station horizontal 
retorts. The hvdrogofE syp p'.ent:. on the other hand, is about doubled, being increased 
from some 17 per cent to an average of nearly 30 per cent. Tile amount of saturated 
hydrocarbons is much decreased—33 per cent as against 56 per cent—and those 
produced are of a lower Aean molecular weight. 

The results indicate tliat a setting of similar construction, but with iron r?torts 
in which heat would bo tranrferrer! to the coal much more rapidly, would possibly 
be suitable lor the manufacture of good smokeless fuels by carbonisation of coal 
at low temperatures, provided the material to be carbonised can be delivered to 
the retort in such a form as will preserve an open charge which will not tend to 
fuse together into an unmanageable mass. 

The volume of gas obtainable commercially of course varies according to the 
amount of cracking of tlfc primary products which has taken place. We have 


already stated that the quality rtf the gas produced in the experimental setting of 
horizontal retorts at; H.M. Fuel Rcsqprch Station approach*; more closely to that 
obtained in the laboratory than diV» that given in any other plant upon which 
independent tests have been carried out. The amounts yielded in this setting 
vary from 2700 cubic feet of gas pdkti|i of coal, the gas li.^tig a calorific value 
of 1020 B.Th.U. per cubic foot or 271)4 therms of gas per ton*to 4220 cubi^feet 
of glsjer ton of coal, the gas having a calorific valued)! 906 B.Th.lT. or 33-23 therms 
of gas per ton. These figures Tire typical of the *g;?s obtainable by carboni«a*ion 
of a wide range of coals Tit 600° C., and thC enhanced figures for the thermsM^fla 
which are sometimes quote*! should be accepted with great cautrfu. . f 
It is pointed out on page 28 that the rich gas obtained from a low tcm[>eratt]re 
process has properties which make it exceptionally attractive as an enriching agent 
for water gas or for some o? the comparatively low grade gases pw>duce<M**a»*tain 
systems of .high temjieraturc carbonisation. ' 

a 1 Fuol Research Ro&o^ T*lmieal Pafor No, 7. " Vri'l.minary Hfperimeifta in th^LowTempcra- 
turwCiHjoniaationjjf Verticil Retorts.” (H.M. SUtionerfonaf.l* * • 



ifeb LOW TEMPERATURE CARBONISATION' 

MOTOR SPIRIT FRQM GAS 

In all rich low temperature gas a certain quantity of this hydrocarbons is 
condensable by oil stripping at atmospheric temperatures, and after refining ‘the 
resulting liquid is suitable for the production of rdotor spirit. The yields claimed 
by different systems arepvidely variant, but thosfwiven by tlie Fuel Research Board 
—T'13 gallons par ton of coal carbonised—ma/ be quoted ps an example which 
is* backed up by experimental daCa!^ The question of the production of this liquid, 
however, and its characteristics, are described (core fully in a later chapter. 



CHAPTER XIII 


THE PRODUCTS OF EOW TEMPERATURE CARBONISATION 

4 

TAR 

INTROD^ClfeRY 

As stated in tlic discussion low temperature gas, the composition of the tar 
formed in any large-scale system^Spends to a certain extent on the conditions of 
that system, and particularly tmVie rapidity ;,i*h which the tar is removed fnom 
the influence of heat and from secondary decomposition in the retort, 

Aceordinglyj^he best way to consider the composition of such tar is to examine 
the results ot^ined ifti an experimental scale where the conditions are more 
stringeiftly defined,'t*rul where,the effect of increasing temperature can he more 
carefully observed timn in a plant under commercial or semi-commercial con¬ 
ditions, In this case all possible precautions can he taken, hy vacuum distillation 
and otherwise, to remove ♦he tar vapour from the retort before secondary 
decomposition has set in. • 


RESULTS OF INVESTIGATION ON LABORATORY-FORMED TARS 

In 1901 Bornstoin 1 fractionated eight Westphalian coals in 50° stages up to 
4Off C. and gave an account of the various tare collected. These, he stated, till 
contained paraffins and the higher phenols, but neither naphthalene nor anthracene. 

In 1913 Pictet and P nivicr 2 examined a French bituminous coal by distillation 
in vacuo up to 430° C. 

The thin tar collected amounted to 4 per cent by Weight of coal. This tar was 
stated to consist chiefly of sanitated and unsaturated hydrocarbons. Some 
oxygenated coxipoutid# wore tshoM’i to be present, bat no phenols. 

Careful examination of the sa.-ir, ed hydro, ,.fb<ms wasdater carried out by 
preliminary fractionation, and trrv./in''definite hydrocarbons ; .’ere identified, such 
as-hexnhydromesitylciic (C B If ]# ) in the naphthene,group, dihyd-otrimetliyllJeftzenc 
in tlic uusaturated hydrocarbons, togeihr with several paraffins.^ The 
similarity of tlic naphthene# to those present, in American petroleum is poirte' 1 tat. 

An interesting experiment was also carried out in whicli^thc vacuum iar was 
cracked to give gas mil a secondary tar, This secondary ta»contained aromatic 
hydrocarbons, naphthalene, etc., as in normal gas tar prepared by hij'Ji temperature 
distillation, ’ «. , 

In 1914, this work was carried out on gritish coa]# by Wheeler 5 an^l other#, 

1 Boms Win. Her. <!. Hiev, (/cscll.. 01S, 48. S34S-93. 

1 Pic tot unit Xiuuv if. Cum pi. rind., .-lead. Set., I(ll;i, 157,- 43?~9, > 

’.Burges* ard 'Vheeler. “The Distillalion ol Onui in a Wutlfn.” jTrans. Chem. 8oe.. 1914, 
106. 1S1-4J1 ' • • • • * 


0 
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distillation in vacuo being again respited to, and \,ke temperature raised in 50° 
stages up to 450° C, In this case, however, the t\me of distillation occupied about 
five weeks, as compared with the five hours of Pictet and Bouvier. The yield of 
tar amounted to about 6-5 per cent '‘by iveight of coal, and this when fractionated 
gave the following results :— / • 

(1) Unsaturated hydrocarbons of ethylenic/character, but richer in carbon 

„ than C n Hj„, amounting to S^-22 per ceir of the yield' * 

(2) Naphthenes and liquid {muffins amoujiting to about 20 per cent of the 

yield. • , 

(3) Tar acids, chiefly cresoh a'd xylenols, amounting to about 7 per cent of the 

yield. . .••< ' 

(4) Aromatic compounds which, however, did not contain naphthalene or 
anthracene, amounting to about 3 per cent of the yield. • 

(5) Solid paraffins of composition about C 2S H 5 | and M. Pt. 52-4 to 54° C. in 
Bmall quanitity. 

(6) Pyridine bases—a trace. 

(7) Pitch, boiling above 300° C. and completely soluble in chloroform, amount¬ 
ing to about 50 per cent of the yield. Sp. gr. at 15° C.= 1-128. 


The differences between this tar and that of Pictet and Bouvier seem to have 
been due either to the nature of the coal or to the time of distillation. These 
differences are chiefly in the absence of solid paraffins and phenols in the latter tar, 
but, as already'.dated, Bomstein also found thes'e compounds in his distillations. 
This is particularly intclestmg in that Jones and Wheeler, 1 in 1915, obtained quite 
different tars by the separate distillation of “ ctj/ulosic ” and “ resinic ” constituents 
of a coal. The “ c^llulosic ” constituent yields I only very little tar, but this wt*s 
composed chiefly of^hmols. On the other i anti, the'/iold of tar from the “ rceinic ” 
bodice up to a temperature of 400° C. amounted to 40 per cent of the original weight, 
and was found to consist of paraffin, olefines and naphthenes, but no phenols, j 
_ America, the chief workers in this field are Parr and Olin, 2 who first attacked 
the prtolem in 1907, through their researches on the maqo/acture of good smokeless 

fuel. / . y 

, 1 * • 

In their first paper they describe the form of retort employed and their method 

of carbonisation with, sujierh(Kted steam at 4,50 ^ C., and give details of the yields, 
etc. ^StiTJlincd. , * 

later paper the aiithqrs describe the mnnufactive of a good semi-coke by 

means fif-a similar 'process.' and give a fuller description*of the products obtained 
\ * ^ . f V » 

1 Jonye and Wheeler.. 11 Tlfe Composition of Coal." Trans. Chem. Sat., 191 
* Pan and Omi. " The Coking of Coal‘at Low Temperature," Hall. 60 am 


. 191*. l u 7, 1318-24 
60 and 4/, Univ. of Illinois. 
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at 400-500° C. Time they obtained from Illinois bituminous coal a dark brown 
tar of 1 069 up, gr k , which they separated primarily into three fractions as follows :— 



ft 

Per Jentage of Tar. 

Sp. Or. 

Light oil to 210° C. . t . 

. 17-2 . 

. O'966 

Heavy oil to 210-325° C. s 

. 52'7 ... . 

1032 

Pitch over 325° C. . \ 

. 301 . * . 

J-270 

» ( 

>ro this tar tl"c yields obtained by refill Jig and separation 

• 

ft 

« 

were ad follows : — 

Percentage of Tar. 

<i 

' Phenols, etc. 

. 

. 5-7 

ft 

Amides and bays 


. 0'9 

Light 

oil 

Fraction 75- 95° C. 


. 0-38 

95-125° 0. 


. 1-33 

125-170° C. 


. 4-77 


170-200°C. 


. 2'67. 


2(KJ-215°C. 


. 132 


Tar acids 


. 22-2 

Heavy 

Fraction 210-250° C. 


. 2-87 

oil 

250-270° C. 


. 13-55 


over 270° C. 


. 1-53 


The authors report, the pres nice of pentane and hexane as yell as benzene in 
the fraction 75-95° C. and of heptane in the fraction 95--PI5 0 C. The two following 
fractions are stated to consist of benzene, toluene and the xylenes. The tar acids 
were found to contain a high proportion of cresols. Naphthalene and anthracene 
were absent. 1 9 

The presence of benzene and tnuene in quantity in this tar is remarkable in 
til it the carbonising temperature was not greater than 500° C., out may have been 
ddh to overheating of the tar vapours in the Tetort. In this connexion Whitaker 
and Crowell 1 state from their investigation of a Fennsylvanian coal tl,it these 
hydrocarbons are first formed at 500° C. and 400° C. respeetivnlf, and that n iximum 
yields are obtained by carbonisation at 800° C, lor benzene; 700° C. foi toluene 
and 600° C. for xylenes. If this be so, tine low tempera ure tar may contain appre¬ 
ciable quantities of all three products. ■ ...» 

In Germany, the chief workers have be*n Fischer and Gluud , 2 and SJjey have 
directed special attention to the j jssible yields of light hydrocarbons. The.ictlowing 
'* * 

’ WblUker W. Oovvdi. J. IttJ. Eng. C/ttm., 1917, 9, 261-ft 

1 Fiecher and Olpud. Her., 1919, 62,10M, 1068 ; Uu. AM. z. A’eifcf. d. AoAfl, 1918,3, *8. 
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yields were obtained with three different coala, the distillation range of the liquid 
being such that 95 per cent boiled below 190° C.:— t 

Yield, percentage 

L ' by weight of coal 

used. 

Gad coal (Lohberg Mine) . . , . 1-23' 

Bituminous coal (Osterfekl Mine) . .» 0'C7 

„ „ (MindenMi^e)' . *. 1*00 

’ < . » t ’ \ , • 

These “ spirits ” on fractionation yielded the following :— 


20-00° C. 


60-100° 0. 


100-125° C.l 
125-100° C.j * 


Paraffins, chiefly C s li ia ' and tjfJii and 
some imsaturated hydrocMl one. 1 lone it?/ 
about 0-65 at 8° C. * ' 

Mixture of paraffins, naphthenes and 
some nitrogen and sulphur compounds. 
No benzene was found. Density about 
0-72 at. 20° C. ■ 

( Paraffins, naphthenes and complex 
aromatic hydrocarbons. Density about 
0*77 and 0*87 respectively at 20° C. 


The authors also <1 escribe certain properties of the higher fractions obtained 
from tar and discuss the separation of certain solid paraffins ranging from C' S1 H 60 
to C 2B H 60 , which amounted to 0*1 per cent of the bituminous coal tar and to 1*5 
per cent of the gas coai tar. It should be noted that age ill no naphthalene or 
anthracene was detected.* « 


i « 


‘NJTROGENO.US AND SflJB^HUR BODIES 

As stated Uy Jorc*£ and Wheeler, 1 tlic J* rentage of nitrogenous bodies in low* 
tempo future tars es less than one. This has been borne out by the work .of 
©thereinvestigatois, as shown by the following list ’’ J 


4Urr and Ol yi 

Pictet, Raiser, and Labour here 
4 Gluud <* . . t . 

“Morgan cnd Soiile , %1 


JVsr ccir*. 

. 0<> Airlines 

. 0*2 .Bases 

0-16 Pyridine bases 
0<52 Bases 


1 Jog/! and Wheeler. “ TheCom posit ion tit Coal,” Jaurn. (Jh'ra. .S’cc., 1914, 105, 14}. 

* IV'/r and Olln. “The \LkingVi Coal at Low Tempcrt.turc.” iTuUeti n 00, Utuv. of Illinois. 

1 3 1'ictet, ^taiatr and^houchefc. C<mpt. rrnd., 1917, lte, 113. v . 

* Gluud.. dee. AJh. 2 , KnyitJ i.'M, 1918, 3. 4«. \ 

* Mopran and Soule. ' “ Examination of Low Temperature Cjpal Tars.” </. Chtm>\ 1923, 

15, 587-91. 1 « 
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The most completo work On the isolation of these bodice from tar is that of 
Pictet and hie co-workere. Thfcy found no' pyridine, but isolated a number of 
saturated hydro-derivatives of quinoline and iso-quinoline. 

No literature is at present available on^he sulphur bodies present, but the 
amount of these is very small. * 

V 1. 

* 

CHARACTERISTICS OF LOWsTBMPER".". SURE TAR OBTAINED FROM A 
• LARGE-SCALE* PLAi:i> . • 

From what Jias already been laid, it is obvious that the nature of tho low 
temperature t»r produced on a large scale will depend to some extent on tho 
rapidity with which the vapoujs are removed from the retorts, aud therefore from 
the possibility of secondary decomposition. 

In any tar prepared at low temperatures the following general characteristics 
may, however, he expected 


(1) That it will contain hydrocarbons chiefly of the paraffin and olefine series 
witli sonic naphtheifcs and from 10-15 per cent of phenols. 

(2) That the quantity of benzene and its homologues will be small, but will be 
made up for by the presence of light paraffins such as hexane, etc. 

(3) That the higher phenols, such as crcsol, will be more represented than 
phenol itself, and there will also be present certain polyhydrie alcohols. 

(4) That the content of free carbon will be less than 2 per cent, and that of 
pitch will he 35-40 per cent. * 

(5) That there will be up to 1 per cent of basic nitrogenous substances including 

pyridine. # 


. If, licwevi*', tl*s tar lias been xubjcctcd’to overheating in the state of vapour 
or to condensation and re-distillnwai in the reti rt, it will contain small quantities 
of the substances more particularly identified with high *. eniperatare tar. These 
*re the aromatic hydrocarbons, naphthalene, anthracene, etc. , It will alstr contain 
,/k increased amount of pitch and frets carbon. 

In many of the present commercial scale systems the tar lias been "treated 
entirely as a by-produde, and attention directed chiefly to tjic production of good 
coke. It is therefore only in certain processes tliat particumjs a. e avail 0 uio of the 
tars produced, and these arc set out for comparison in Table XXX 

A more complete examination *if the tar produced from several English coals in 
semi-large scale work at COG' C, lias beat carried ^out at IIM. Fuel I&scarch 
Station. 1 The tars prpuuccd a e typical of straight low temperature carbonisation, 

t 1 • • • 

, l Fuel Board. Report for Yearn 1920, 1921 % , JStrCiiK* Section : Itow Tempera too 

Carbonisation.” *(H.M. Stationery Office.) 
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and the yields and nature of the tars, together with the details of refinery and 
distillation of the fractions, are givenin Tables X'XXI-XXXV. 

From these results, only a slight idea can be formed as to whether or not ifhe 
tars produced on a larger scale are\ide(rtical with those already described in the 
work of different investigators on labo-atory-forrhed tars. So far as the results 
go, the systems in which the products of corboij&ation arc removed,as rapidly as 
possible produce tars which are quj^e .comparabjh with those .quoted from,the Fuel 
Research Board report. “ ‘ 


TABLE XXX 

Main Details of Tars from Certain Full-S':a£e Processes 


Process. 

H.M. Fuel 
Research Station. 

Truer ' 
System. 

* 4 Sensible Heat" 
(Nielsen) System, 

Carbocoal. 

Sp. Gr. («) 60° F. 

Calorific Value, B.Th.U.’s 

1033 

1-060 

1-076 

* 


per lb. 

16,8-10 

- 

- 

16,000 

— 


Of 

,-o 

Sp. Gr. 

O' 

/ (T 

Sp. Gr. 

0/ 

. a 

! Sp. Gr. 

% 

0-170° C. 

9-1 

0 -8-12 

6 0 

0-80 

i‘ f 5 

[ 0-80 

4-7 

170-230° C. 

19-4 

0-969 

16-5 

0;97 

20-0 , 0-87 

13-7 

230-270° C. ? 

12-8 

0-998 

9-0 

0-97 

14-5 0-97 

11-6 

270° C.-Pitch . 

11*8 

1-027 

36-0 

I 04 

24-0 

1 1-01 

27-0 

Pitch 

46-R 

1-197 

32-5’ 

— 

35 0 J 

430 

Loss • ' t • 

0-3 

- 

-i. 

/» -- 

1-75 | — 

— 


Tar Acids per cent of Tar 


Motor Spirit (crude) 
From ga-; galls, per ton 
From taT, „ * „ 


35% of 
fraction ! 
170-36(r 





Analyses of Tap. from Tests in Horizontal Retorts 
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170, 

TABLE XXXII ^ 


Purification of Fractions from AisTIllation of Low Temperature Tars 

t • * 



f 

Loan on extraction as percentages l>y volume of original fractions. 

_i' ! ‘ *■ 


/ ’\ 


< Fraction 


Coal. 

* t 

‘ l. 

To 170° 
C. 

2 

I7t*~230'j 

/ ,Cr ' 

3. : 

230-270' 

' 0 

4. 

270-310' 

C. 

Dalton Main 2 . 

Caustic soda 

4*0 * 

! 43-0 

40-5 | 

26-0 


Sulphuric acid 

7-0 

2-0 

5-5 

6-0 


Washed oil remaining , 

89(1 

54 0 

54-0 

68-0 

* 

Washed and refined oil 

83-0 

510 

01-5 

66-1 

Mitchell Main . 

Caustic soda 

2-5 

43-5 

39-0 i 

26-5 


Sulphuric acid 

11-5 

2 - 6 

5-5 

5-5 


Washed oil remaining , 

860 

! 53-9 

55-5 1 

68-0 


Washed and refilled oil - 

7G-5 

j 51-4 

52-2 

61-4 

Eiiistown Main 

Caustic soda 

7-3 

' 52-0 

50-1 ; 

3G-0 


Sulphuric acid 

9-7 

1 4-0 

5-1 1 

6-0 

f 

Washed nil remaining*. 

830 

*44-0 

44-5 | 

j 58-0 

* 

Washed and refined oil 

1 

70-8 

38-7 

40-3 1 

51-4 

GO per cent Mitchell Main . 

•t * 

Caustic soda 

4-3 

•46-0* 

4 4-0 ; 

30-5 

■10 per cent Ellistowfc Main 

■ 

Sulphuric acid* . ' 

6-8 

3-5 

5-0 

6-5 

Washed oil ref mining . 

88-9 

| 50-5 

51-0 

630 

* 

<4 

Washed and refined oil 

f 

• it t 

70*5 

! 4C-4 
f 

45-6 

57*7 

4 ^. 


*Tlfe USES OF LOW TEMPERATURE TAR 

' 1 ('^ Directly as Fuel 

, t a | f 

Lbw temperature tar as mode is mutable as a fuel for Diesel engines once it 
has beer;''dehydrated and Lead from / suspended solid matter. Its calorific value 
.ranged from 16,000 to l'o,500 B.TJi.U^ *:r lb., bufcj owing <*o its flash point being 
below the atmospheric *te/npe#Uturc it docs not conform to tie^Admiralty specifi- * 
caiv>n of 175°Any,attempt to remove the light*spirit firom wjj tar to correct 
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TABLE XX^III 

Low Temperature Tar. Distillation Ranges of Washed Oils from Crude 

Fractions ^ 

* • v 

» 


k 

ft 

V 






9 

Mijlnro o( • 

Temperatures. 

Dalton 

Kitebdr 

EHistown 

Mitchell Main 

“C. 

Main,2. 

• Main. 

Main. 

and 

• 

• 



EUistown Main. 

1st Fra tt ion (to 1 

'li* 6'.) , 




— 

*95’ C, 

87° C. 

92° C. 

90° C. 


1st drop 

1st drop 

1st drop 

1st drop 

m 

0-5 

10 

0-8 

10 

no ! 

2-0 * 

3-4 

2-9 

3-2 

120 

22-3 

24-9 

12-9 

Ifl 

130 

53-C 

550 

42-1 

45-1 

no 

79-4 

7(5-5 

6G-G 

70-9 

150 

93-0 

90-2 

84-1 

87-9 

1G0 

98-5 . 

90-5 

94-2 

%-l 


— 

980 

98-0 

98-5 


1 lore. 

100° 0. 

168° C. 

1(57° C. 

— 

Fla :k dry 

FJask dry 

Flask dry 

Flask dry 

Specific gravity 

ft 


ft 


ai 15° (!. . 

0-829 

* 0-823 

•0-831 

0-825 

*ln& Fraction (17 

0-230° (!.) 

• „ 

l 

> 


170 

1st droj* 

. 21 

1st -’pop 

1-0 

ISO 

1-0 

1 90 

2-0 

■L8 

*, 190 

. 10-9 

23-5 

no 

232 

*» 200 

30-0 * 

43-0 

28-4 

42-J 

210 

»42-0 

S9-3 

420 

PH ■ 

220 

*2-0 * 

09-8 

540» 

0-10 

230 

- 61-5 

77-7 

(if)-." « 

7, 8 

270 

83-0 

93-9 

4 88-1 

* 92-0 

300 

JK)-0 

« - 

• 

• "'a 

Specific gravity 

a 

1 

• 

• » « 

ft 

at 15° C. . 

. ‘ 

0J93 

D-898 

a 0%94 • 

_ , _ 

1 


I* », • 

ft 


(Continued on next page.) 
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Table XXXIII {continued) 


j. 


Temperatures 

•C. 

Dalton 

Main 2. 

1 

\ Mite hell 

MiLn- 

f ElJistowu 
Main. 

Mixture of 
Mitchell Main 
and c 

ELiistown Main. 

3r<J Fraction (23 

0-270° C.) 

l 

- 

c. 

220 ' 

‘ 2V 

1 10-8 

5-9 ' 

4-0 

230 

10'3 

23-9 • 

13-5 

12 5 

240 

22-5 

41-3 

26-6 

» 27-6 

250 

41-2 

56-0 

41-7 

L *' 43 0 

260 

550 

68-9 

* 55-7, ' 

51-7 

270 

67-8 

78-0 

6G-3 

67-8 

280 

76-5 

84-6 

75-4 

76-8 

290 

81-0 

89-0 

„ 81-8 

81 7 

300 

86-4 

92-0 

86-3 

85-8 

310 


941 

■- ,90-6 

89-3 

Specific gravity 





at 15* C. 

— 

0-954 

0-955 

0-953 

4th Fraction (27 
230 

0-310* C.) 


3-0 


240 

— 

2-8 


— 

250 

2-3 

7-9 

6-0 .. 

2-8 

260 

53 

15-6 


7-0 

270 

15-2 

26-9 

12-9 

15-2 

280 

28-4 

42-0 

21-6 1 

•i 28-4 

290 

' 42-0 

55-4 

32-5 

40-4 

3UO 

06-2 

66-1«= . 

’ 44-4 

53-0 

360 

93-6 

92-2 

88-D 

91-5 

Specific gravity 
at 15° C. . 

_ 

‘ 0-992 

0 991 

- ~J ' 

0*995 

t s' 

» - 
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’ TABLE XXXIV 


* 

Low Temperature Tar. Distillation Ranges of Separate Tar Acids 
(PercentaoejByJ Volume) 


. * 

1 Distillation 

• temperatures. t 

• 

A ^ 

1 

4 

* 

Dalton 
Main 2 )* 

/ 

Mitchell* 

Main. 

' 1 

’ 

Elliatowa 

Main. 

1 

80 pec cent 
Mitchell 
Main. 

40 per c*nt 
Ellisto .til 
Main. 

From crude (faction 170- 230° C. 






6-9 

14-1 

8-7 

3-5 

0-196 . . . * . 

16-8 

34-7 

141 

5-9 

0-198 

29-5 

47-0 

23-4 

13-2 

0-200 

43-7 

56-8 

37-2 

25-7 

0-202 , .• 

02-2 

64-0 

47-2 

36-0 

0-201 

611 

70 0 

55-6 

• 50-3 

0-210 . • . 

— 

82-5 

73-7 . 

71-9 

0-220 


DO-4 

87-3 

86-2 

From crude fraction 230-270° C, 





0-210° C. . 


34-2 

8-4 

15-6 

0-230 


62-3 

43-8 

50-9 

0-230 

— 

78-2 

63-7 

GO-6 

0-210 

— 

83-2 

73-8 

794 

• 0-230 » . 

— 

87-7 

301 

84-5 

0-260 ,. 

... 

89-5, 

83-7 

87-6 

0-270 

- 

91-rj 

86-6 

894 


v 




From crude f raction 270-310°,C. 



f 


0-2:10° C. . 1 

* 

51 ■ 

4-7 

3-6 

♦ 0-270 

_ 

HS*6 

26-6 

‘ 35 3 

• * 0-310 * . . 

— 

*» 62-6 

63-5 

680 

• 

r 

_*_1 - 


_____„_ 



. » 


Special Fractionation of Tar Acids from Dalton Main Cov*«2 


* » 

• • 

' * -Fraction. » 

# 

|To 204“ 0. . 

204-230 C. 

X30-310‘* C. 

Percentage by volume of tar ' . 

Galkins pe* tea (if dry coal, 

• 

• 

1 5*4.1- 
0-71 »' 

* 

- w - 

5-94 • 1 
* * P-77 

1 • j 

- ;1 - 

• 1-97 * - 

* 0-64 

• s 
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*K 

this would result in bo much thickening that the fesidue would fail to pass the 
teste for viscosity. 

The adaptability of the crude oil] for mixture with natural oils has been inves¬ 
tigated at H.1I. Fuel Research Station^ arid it has been there found that out of seven 
oils chosen, two (American and shale-oils) were quite immiscible, while ‘with 
Burmese, Texas and Mexican oils the only stable mixtures were those containing 
less titan 25 per cent of crude oil. With Persian oil up to 10 per cent of tar can be 
added, but Reparation occurs in aK otjier mixture's. With only -me oil—Trinidad-— 
was complete miscibility found, and even in this ease the application of heat was 
necessary. Details of these miscibility tests are given in Table XXXVI. 1 


TABLE XXXV 


Washed and Refined Oils from Tar Calculated to Gallons per Ton of 

Dry Coal 


Coal carbonised. 

1 Du 1 ton 

Main 2. 

; M itohel] 

Main. 

Ellii town 
Main, 

fiO per cent 
Mitchell 
Main 

40 per cent 
Eliintowii 
Main, 

Original yield of tar 

MOO 

1(5-25 

12-87 

! 

15-51 

Fraction 0 -170° C 

Original fraction . s . 

1-50 

2 13 

1-22 

i 1 -C8 

Washed spirit .... 

1 '39 j 

1-83 

] -01 

1-49 

Washed and refined spirit . 

1-30 J 

1 *(>♦! 

0-80 

! 1-29 

i 

Fraction 170-2.10° (J. 0 

Original fraction. . 

2-90 

2-83 

2-53 

2-78 

Washed oil . ... 

157 

1 53 

* Ml 

1-117. 

Warned and relined oil 

1*57 

• n 

1-46 

!/• 

0-98 

1-29 

Fracliojfr j£30 -2 7 0 4 G'.„ r 

Original fraction . 

1-85 

2-36 

" 1-88 

* 

CJ 

Washed oil . . - . 

100 

1-31 

0-84 

1-14 

Wished and refined oil 

t ' , 

0-96 

1-23 

0-7G 

1-02 


■ ( 

t i i t 

1 Fuel Ilqaeaftch Board. t Report ‘for Yeaiv. 1920, 1921; Secoml Section : ** Low Temperature 
Canonisation. 1 * (H.M. Stitiont/J Office.) 
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— -—J 

1 

IWion * 

Mitchell 

Ellizt'Owa 

IK) jjer cent 
Mitchell 
Main. 

Coal carbonized. 

■Yam 

Alain. 

Alain. 

40 per cent 


■ * * 

1 


Kllw town 
Main. 

Fnaiow21^m° C.' 

Original fraction * 

J-06j 

2-03 ' 

2 3<J 

2-39* 

Washed oil . ■ . ■ 

M» 

1-38 

1-39 

1-D1 

Washed and refined ijil 

HO 

1-35 

1-23 

1-38 

7 V; » . . 

Total of original fractions , • . 

7-07 

Ddb 

8-03 

9-09 

Total washed and refined oils 

4 03 

5-57 

3-83 

4-98 

•! 

Total tar acids crude . ■ 

2-1!) 

2-71 

3-20 

3-07 

Total tar acids refined . 

2-12 

. .. . 

2-31 

2-58 

.2-61 

4 

Pitch, lb. per ton of dry coal 

« 

07-r> 

75-3 

56-9 

74-9 


Specially Separated Oils prom Dalton Main Tar 2 


Light naphtlato 160° <J. . . • 

Tleavy naphtha, 1 Cl) 2110° ( \ , I 

Hunting oils, 200—270° ('. .« 

Gas oil, 270-300° 0. . . • V 

Rjflit lubricating oiL 30iJ-3t!() ' t‘. 


- Total 



Ter cent 

Ga l la. per 

Sp. pr. 

by volume 

ton of dry 

IS" <*. 

of tar.* 

coal. 

,1182!) 

8’25 

1-1(3 

0-871) 

4-69 

0-64 

0-93ti 

11-93 

1-67 

0-979 

* 6-16 * 

0-76 

1-00.9 

_. ._| 

' 5-V) 

ft-71 


35-33 

<4-1)3 , 


. » 
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TABLE XXXVI * 


Miscibility or Low Temperature Tar with Natural Fuel Oils 


Name. 

9 

Nature. 

Fuel 

1' -Oil. 

Sp. gr. 
15° f. 

T 

Trc portions 
mixtJ. 

Separation. 

*Va r; 

| 25 
, 50 
70 

Oil. 

90 

75 

80 

30 

( Amt. 

1 6 

11 

14 

5 

Nature of. 

Stale 

t , * 

Very fluid 

0'807 " 

Semi-solid. 

r 

e 

Black thick A 

n j» >> 

American 

Very fluid 

0-902 

10 
, 50 

j ® 
75 

90 

50 

oi 

25 

9 

19 

18 

i 

Resinous and gununy, 

l> it it 

Thick and gummy. 

Black and fluid. 

Burmah . 

Very fluid 

0-895 

10 

i 25 
50 
i 05 
i 75 

90 

75 

50 

35 

24 

! 8 

12 

18 

24 

Gummy, resinous. 

Semi-solid. 

Thick, but fluid. 

it it 

No separation. 

Texas 

Fluid 

I- 

u-926 

_ 

i 

i 10 

! 25 
| 50 
: 05 
75 

90 

75 

50 | 
35 
25 | 

H 

12 

20 

18 

Thick and gummy. 

Thick, fluid. 

M '■> 

No separation. 

Mexican. . 

Very thick 

0-935 

10 

90 '' 

5 

Thick, but fluid. 


( 


25 

75 

10 

Fluid. 




’ 50 

50 

— 

No separation. 




65 1 

'35 

-^ 

ly* ti 

PersiaiS ' 

Thick 

0-942 

; in 

90 


No sepai a ti on. 


■ 

l 

| 25 

75 

10 

Thick and fluid. 

r 

< 


1 50 

50 

20 

It It 

t 


l 

! 75 

25 

25 

>1 M 

Triihd&d. 

nV^ry thick ' 

0-9&8 

10- 5 

90 

-, 

No separation, when heated 


« * * 

« 




during mixing 




£0 

50 

_ 

>1 ,, it t> 




75 

25 


M >1 l» 
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Although the crude oil f#om low temperature carbonisation is not usually 
miscible with naUir.il petroleum,Several methmls of treatment have been from time 
to time suggested in order to ova come this’difficulty. In the Leesing 1 process, 
tar is mixed with a petroleum spirit which causes separation of the pitch, the 
mixture of oils and solvent being then subjected to steam distillation for recovery 
of the latter. V 

A sample of low temperature tar obtair.«ul from Arley coal was treated 
by Dr. Lessing according 'to the above process.* THs process consists 'in 
separating oils and pitch from tarjry treatfhect with petroleum spirit free from 
aromatic hydrocarbons, hereby the pitch is precipitated and all the oils are dis¬ 
solved. T11 • t jr>.'''«ss is’carried out at a temperature above the melting point of 
pitch anirbelovv the initial boiliSg point of the solvent, and thus a sharp separation 
of pitch and oils is obtained at a temperature of approximately 100° C. Tar acids 
and bases may l>o extracted from the oil solution and the solvent subsequently 
distilled off, condensed and te-used without cooling, all operations being carried 
on in a continuous cycle. The tar acids and bases may alternatively bo extracted 
after the removal of solvent? 

The following products were obtained 

(1) Liquor. 

(2) Crude Oil, i.e, oil after separation of pitch and low boiling fractions to 140° C. 

(3) Neutral Oil, i.e. crude oil after removal of tar acids and bases. 

(4) Tar Acids. 

(5) Tar Rases. 

(6) Pitch. 

The yields were as follows 1 
t v * f Neut '' al 01^56-1% 

Crude tar oil 80-7% j Tar &cuia 24-4% 

[Tar baser 1 0‘2% 

• Pitch lG'O 0 ^ 

4 Tty ordinary distillation tins Ur yielded 41-2 per cent by weight of pitch. When 
the oils are distilled frdre an Engler flask only about 70 per jent can be distilled 
below 300°, leaving 30 per cent pitch. This, with the 16-9 per cent removal in the 
Lessing process, corresponds to 43-1 per cent on the original tai* 

The crude oil and neural oil weje both found to be miscible in all proportions 
with a typical petroleum fuel oil. The oil solution was “ cut l ' so as minimise 
the loss of the low boiling^eonstitnents of tlietiriginaj taf. Consequently no attempt 
was made to bring tly> oh within the Admirilty specification ;«t regards flash-^Snt.« , 
By fixing a “ cutting ” point, which will mafe the oil comply witb-the specification, 

* 1 Leasing, R. Patent JJJ. 130,3(52. 
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a certain percentage of solvent is furnished by the ldwer boiling constituents of the 
tar itself. . 

The viscosity and setting points of both crude and neutral 01 % are well within 
the Admiralty specification. 

It is as yet too early to form any accurate idea as to whether the cost of treatment 
by this method would ti Such as to make it commercially practicable, but experi¬ 
mental work is going on at II.M. Pud Research Station and, elsewhere, upon the 
lines indicated. c r f ° 

(&) As Fuels' after Distillation 

It is not necessary, however that the tar should be used in- the crude state. 
By fractionation and refining good fuel and lubricating oil-- ..an kJ obtained, 
as well as a quantity of light spirit which, when added _to that obtainable by 
scrubbing the gas, gives a mixture whose properties are very similar to those of 
a good quality petrol, and so is very suitable for use as motor spirit. The figures 
already shown in Table XXXV and presented in slightly modified form in Table 
XXXVII are those obtainable by fractionation ?nd refining of a tar which was 
obtained by tins carbonisation of Dalton Main coal. The losses by refining are of 
course considerable, but the products are of good quality. 


TABLE XXXVII 

Separated Products from Tar from Dalton Main Coal 


Total tar per ton J4 gAlis. 

' .Sri. er. 15“ t'. 

Call*. per ton 
of Ury Coal 

Light naphtha, to 100° C. 

’ 0-829 

llo 

Heavy naphtha, 160-200° 0. 

4 (1-870 

0-64 

Burning oils, 200-270° C. .' 

'0-936 

1 07 

(las oil, 270-P00 0 C. . 

0-979 

0-76 

Light lubricating oil, 300-360" . 

1-000 

0-71 

Total . 


4-93 

Loss iu refining . 

— 

3-41 

Tar acids 

, - • Total . 


isf. 

| «j » 

i 

Pitch . 

1 - 

■ ' 

— 

67-5 lb. 




( c ) Tar Acids 

The tar acids amoufttyqg as they d. to 15 to 25 per cent of the total tar made, 
riu-y alsc be found to have a considerable commercial application, in, for example, 
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in the manufacture of disinfectants. The actual yields of tar acids quoted in the 
literature available on the subject seem to fvary rather widely. Some of these 
fgnres are shown in Table XXXVIII. 


‘table XXXVIII 

Yields of Tar Acids from Low Tempera tube Tar 


* 

Tar Acids os per cent of Tar. 

.Tones ;yul Wheeler (Vacuum Tar) . 

. * . 6-7 , 

Parr and Olin . . * . 

27-9 

S. R. Church, Illinois * 

500 

Vjirhpcoal process 

11*7 

Tore." process . f . 

22-0 

*' Sensible Heat ” (Nielsen) process 

2(H) 

Fuel Resea roll Station . 

15-25 


In view of the wide, vat‘. it ion in the yields, the. figures accepted as probably 
representing average values are those of il.M. Enel Research Station. Thfi highest 
figure was obtained with s coni of high oxygen content. It is possible, therefore, 
to obtain by low temperature carbonisation a yield of valuable tar acids up to 
3 gallons per toil of dry coal carbonised. 

The composit ion of these phenols has not been determined on tiny tar made 
by a large-scale process, but several investigators have indicated the substances 
obtained on an experimental scale. Jones and Wheeler in vacuum tar found chiefly 
cresols and xylenols. bicict found no lower phenols in liis tar except after it had 
been standing for sev eral years, when he found phenol and the th»ce cresols. 

Fischer and others have indicated the possibility of yields up to 50 per cent 
of the tar and have made a rough rtpcirafion of the compounds as follows :— 


Cresols 
Xylenols . 
Higher Phonoh 
Acid Resins 


IV. mit rtf Tar. $ 

. 1-2 (chiefly tH-crcsol). 

: 1-2 

. 30 -32 (containing trimetLylphcnols) 

10 


Morgan and Soule gi ,’e the following*composition of phciuds found in tar from 
the Carhocoal process } 


Phenol 
CreBols 
Xylenols . . 

, h igher Phenols 
ResiuB 


cent of 'i*r. 

O'G 

4-0 

. * 2-8 

5*1 . 


- 14-7 
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In this case the lower homolog ucs are in much higher proportion, and also all 
three cresnlo were in evidence in tlie ^proportions oi 27 per cent on/ho, 19 per cent 
meta, and 54 per cent para, or in contradiction to Fischer’s tar, with the wi-cresol 
in the minority. In the tars examined at the Fuel Research Station no phenol 
was present, about 5 per cent of cresols and 11 per cent of xylenols and higher 
phenols. 

Low temperature tars have hem? shown to he particularly useful in the manu¬ 
facture of disinfectants. It may probably be assumed that thir is due to the high 
bacterial co-efficients of the higher phenols and the high proportion in which they 
are present. > 

w .,4 * t 

YIELDS OF LOW TEMPERATURE TAR 

The yields of tar obtained in H.M. Fuel Research Station horizontal setting from 
a variety of coals, vary from 13-7 gallons to about 15 gallons pir ton of coal car¬ 
bonised, being about 60 per cent of that given by similar cools carfxmiscd in the 
laboratory assay apparatus. It is of course not impossible that, by modification 
of the plant, yields more nearly approaching the theoretical might be obtained ; 
but the figures quoted above illustrate the difficulty which is always experienced 
in large-scale plant in obtaining the maximum tar yields. In their estimates of the 
quantity of the products obtainable from low temperature carbonisation if and 
when it is established on a national scale, the Fuel Research Board adopt 14-5 
gallons per ton of oil as the average quantity which could be relied upon from a 
fairly wide range of coals. 



CHAPTER XIV 


THE PRODUCTS OF LOW TEMPERATURE CARBONISATION 

MOTOR SPIRIT 
* INTRODUCTORY 

- t 

Motor spirit is available from both the gas and tar of- taw temperature carbonisa¬ 
tion processes. Frpm the latter its recovery is simple, and practically the whole 
of the tar fractioji to 170 17 C. can, when rectified, he nt'lised. This fraction, as 
shown in Table XXXV, amounts to about? 1(1 per cent of normal tar production ; 
the available jjeld of fi,ie spirit is therefore of the order of 1-0—1 -6 gallons per ton 
of coal ca’-' orvyd, Tliis refined spirit consists chiefly of the higher paraffins with, 
some ISiitzene and toluene and open chain unsaturated compounds. 

RECOVERY OF MOTOR SPIRIT FROM GAS 

The spirit in the gas can be recovered only by some scrubbing or condensation 
process. An example lias alr-ady been quoted of the first procedure Tn which 
paraffin oil was used as tSc scrubbing or condensing agent, and the spirit obtained 
by rectification. 1 In this experimental work the yield of light spirit represented 
0-07—1 -23 per cent of the coal carbonised, or from. 2-0-3-8 gallons per ton of coal. 
In composition the spirit proved to be a mixture, of saturated and unsatuiated 
hydrocarbons, naphthenes, and complex aromatic hydrocarbons. Benzene was 
not present in any of the spirits examined, although its presence in small quantities 
in the products of low temperature "distillation is noted by Wheeler, Parr, Olin 
and others. • • 

In the Report of the Fuel Research Board for 192% 1921,* an account is given 
of the recovery of spirit by means >f scrubbing with gas oil the low temperature 
'gas made from Dalton Main coJ. The work was carried ouj on a email scale, and 
gave a yield of refined spirit of HO gallons per ton of coal at a specific gravity of 
^>•731 at 15° 0. This work has since been repeated upon a larger scale, aiula similar 
return obtained. The details of the small-scale test are shown in Table XXXIX 2 
together with the distillation range of the refined spirit. 

Other methods for’tjie recovery of tlfcs light spirit from gas have been suggested, 
and in particular activated charcoal has been used by several workers as a con- 
•densing medium. A. Engelhardt* has described its use for the recovery of benzol 
from illuminating gas jn a process whereby the*gas is passoilH^rough activated 

1 Fischer end Gluud. " Meins FonachungHcrjicbninse auf idem Gebiet Jer Koukiiextr&ktion." 
Gliidtauf, 52. 721-9. ,? 

* Fill-1 Research Report tor Years 1'20, 1921; Sec-oral Sgction: "Low- Tettfparature 

Carbonisation.'’ (H.M. Stationery Older.) , 1 • * 

, 5 A. Biwelhardt.. " Benzene Recovery by means of Active .fit baft." , Oah hurnW, 159,421; Gaa 
«. Waitetjacjt, 1 * 2 , 65 , 473 . . , t 
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charcoal, tlie condensed vapours being liberated after a suitable period by the 
action of superheated steam. After jdrying, the charcoal is used 5 &nin. A graph 
is there given showing the sorptive power of charcoal for benzene, alcohol, etc. The 

TABLE XXXIX 

*r 

Scrubbing Tests on Low Temperature Coal Gas from 
DALT df Main Coal 2 

r - 

Gas yield 320Q,eu. ft. per ton of dry coal. 



Test 1. 

Test 2,. 

Duration of test, hours 

81 

5-0 

Gas 



Total amount scrubbed cu. ft. . 

49-7 

GOO 

Rate in cu. ft. per hour . 


120 

Wash Oil 



Rate in ccs. per hour 

1394 

1608 

Cc. per cu. ft. of gas 

229 

134 

Final concentration of spirit, percent 

I 01 

1-60 

Yield of Spirit: 



Total yield in ee, of crude spirit 

118-6 

130-8 

,, galls, per ton of coal . 

1-68 

1 -54 

Refined spirit in t ’. 

102-0 

118-0 

„ „ „ galls, per ton . 

1-45 

1-39 

„ Sp. gr. 15° 0. . 

0-731 

0-731 

Englcr distillation of Refined Spirit: — 



40° G. . 

First drop 


To fiirc. t 

8 8% 


70" C. . 

23-3% 


80° C. . 

42-0% 


, 9»°C. . 

56-7% 


„ 30*/’ C. . 

08-0% 


,. no' a. -. 

77-8% 


, „ 120" c. . . 

830% 


„ 130"G. . 

31-0% 


,,, .140° O. . 

?4-3% 


Flask dry at, 145° G. . 

96-0% 
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concentration of solvent vapftur in normal low temperature coal gas is of the 
order of 00-80 famines per cubic metro, andfit nuty be seen from the graph that 
fairly high sorptive powers may be obtained for benzene at this concentration. 
Whether the hydrocarbons present in low temperature gas are as readily condensable 
yet remains to be determined^ Should they prove to be so, the method would appear 
to be distinctly promising. 

, » 1 

QUALITIES OF THE SPIRIT AS FUEL FOR INTERNAL 
COMBUSTION ENGINES 

' 9 

No adequate* work has yet been undertaken on the applicability of low tem¬ 
perature spirit Nr., the purposes of internal combustion engines. Preliminary 
tests, however, which ha' e been carried out at H.M. Fuel Research Station, indicate 
that it is likely to prove entirely suitable. 

When the distillation ranges of the refined spirits are examined it is seen that 
the spirit collected from the gas is extremely light. So much is this the ease that, 
when mixed with the heavier far spirit, a mixture is produced which is similar 
in its main properties to*the petrol at present marketed. The presence of an 
appreciable light fraction is, moreover, a decided advantage from the point; of view 
of the starting of a cold engine. Table XL gives the results of a few exjieriments 
which indicate that the explosive range of the spirit is greater than that of petrol 
oc benzol. 


TABLE XL 


R^rit ' 

i 

Benzol, Sp. Gr. 0-881 
Petrol B.P. No*I, Bp. 
Spirit frtAn Gas . 
Mixture 50/50 


or somi> 

Motor Spirits 

(Explosive 

ee. Spirit per on. ft. of Air 
st 1C/0-- « 


• 2-7 to (i-V 

:. 0-723 

1 2-5 to 7-3 

t , 

* 2-3 to 9-5 


2-5 to 1(^5 




As regards miscibility with other motor fuels, the following ciuNlpsions* have 
been formed:— * • , , 

(I) That the spirit is miscible in all p^iportionS with pclrol a/ld the benzol flf"* 
the'British Standard,specification. 
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(2) That with alcohol the mificibility depends oh the strength of the alcohol. 
The solubility of the spirit atip—10° C. in alcohol is as folio:— 

Spirit from Gas. Spirit from Tar, 4 

Alcohol 95% by vol. . . . 74-2 — 

,, 90% by vol. . ! . 16-3 

„ 85%*oy vol. . .7-1 25-7 

C • 

(3) That with benzol anil 95 per cent alcohol mi&ed in eqjual proportions the 
miscibility of the spirit at —I0°C. was 60 per cent, or the mixture con¬ 
tained 

Spirit.60 ^ . • 

Alcchol 95% . . - . 20 

Benzol 90% . . . .20 

{ 4 ) That the slight tendency which even refined spirit hm to darken on standing 
wwing probably to rcsinific&tiou taking place, is prevented by the alcohol; 
or, in other words, the resins formed arc not -deposited, but retained in 
solution by the alcohol. 

It would appear, therefore, that, so far as experimental work has yet indicated, 
the spirit from low temperature carbonisation is suitable for use in internal com¬ 
bustion engines, either alone or in admixture with alcohol, benzol, or petrol. 

The total yield of motor spirit from gaR and tar under favourable conditions 
will amount to about 3 to 4 gallons per ton of coal carbonised. 



CHAPTER XV 


NITROGENOUS PRODUCTS FROM COAL 

\ • / 

INTRODUCTORY 

The ammonia obtained ii^ most processus of low temperature carbonisation 
doeip not form an asset of any importance in the balance sheet; indeed at present 
prices it would in many cases hardly pay for its tccovity. In a limited number 
of processes' however, the conditions are sue!, as to render it possible to obtain 
yields approaching Jhose of Coke ovens or gas works, Hut oOen then it ^ill often*be 
found that disadvsntages^have presented themselves which more than odset the 
increase m veiuj in the ammonia yield. 

In v ,'lr > to u+udy 'the subject of ammonia production by low temperature 
carbonisation, it is necessary ti> discuss the matter from*a fairly wide point of view 
in order to sec clearly the reasons which lie behind the tow recovery of nitrogen 
in the subject under consideration. The present chapter will therefore be devoted 
to a short discussion oi amminia recovery in the various processes of gas and coke 
manufacture in addition to that of low temperature carbonisation. 


THEORETICAL AMOUNT OF AMMONIUM SULPHATE FROM COAL 
The usual nitrogen content of bituminous coals varies from about 1-3 per cent 
to 1-6 per cent, or from 29 lb‘ to 30 lb. per ton of coal. Were it possible to convert 
the whole of this into ammonia, the production would lie between 35 lb. and 44 lb. 
of ammonia, corresponding to ammonium sulphate yields of 137 lb, and 170 lb. 
per ton of coal. 


YIELD OF AMMONIUM SULPHATE IN THE.CARBONISATION 
. INDUSTRIES 

In the ordinary carbonisation ‘hdustriefi, the- production*of ammonia, which 
is shown in Table XL! from £hc Fii^ihReport of the Nitrogw Products Committee, 
1020, falls far below that theoretically possible from the nitrogen in the cflul, and 


TABLE XLI 

Production of Ammonium Sulphate from Coal 
* (Nitrogen Products Committed) • ■ 

Amm oifl 


Gas Works 


Industry. 


Coke Ovens (All types) 
.. » (Recovery) 

, Gas producers 


Yf*r- 

(lb. jjcf 

1911-13 

?2-7- 

1917 , 

224 

1917* 

ISO 

1917. 

•210 

1911-1 ?• 

4 8&> 

T917 

66-3 1 
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for the usual gas works ami coke oven practice amounts to little more than 20 lb. 
per ton of coal. For gas producers, tile yield is grf-atly increased,/and iu the Mond 
producer, where 2 to 2i tons of steam are introduced per ton of coal carbonised, 
the production of ammonium sulphate roaches 90 !J>., or sonic 60 per cent of the 
theoretical yield. The reasons for the.* wide divergences will be discussed Inter. 

'<> 

.PRODUCTION OF AMMONl/. IN THE THERMAL DECOMPOSITION 
' 1 "of COAL 

The amounts of ammonia which are ovohed when a coal is carbonised vary 
with the temperature attained. Vwlenson and Roberts 1 in. 1898 showed that when 
coal is heated out of contact with air the temperature at whiCn tins evo'ution of 
ammonia begins depends npon the “age ” of the coal in question, and varies from 
333° C. for “ young ” coals to as much as 480° C. for anthracites. In 1908 this result 
was confirmed by Christie, 4 who showed that, whije the evolution of ammonia 
begins at about 350“ C. in the case of gas coals, it is delayed until about 450° C. for 
anthracites, lie stated that the main evolution is fpund between 500° C. and 
700° C., and that beyond this upper temperature little further evolution occurs. 
Later, Simmersbacli 3 gave figures showing the relative amounts of nitrogen occur¬ 
ring in coke, gas, ammonia, tar and cyanogen at different carbonisation tempera¬ 
tures. His figures, which are given in Table XLII, show that ammonia production 
is a maximum at 900° C., but that even at 1260° C. more than 25 per cent of the 
original nitrogen is retained in the coke. 


TABLE XLII 


Amounts of Nitrogen in the Products of Coal Carbonisation 


(Simmers!) ,cli) 


Temperature of 
Carboniftai ion 

4 9 a 

Percentage of Nitrogen in 

Ammonia. 

Gas. 

Tar. 

Cyanogen. 

Coke. 

600 . 

7-81. 

18-13 

2-12 

0-25 

71-69 

700 . 

1813 

■12-13 

3-65 

0-66 

65-43 

800 . 

21-28 

10-73 

3-47 

0-87 

03-65 

• 300 '. ■ . 

1 24-12 

12-14 

4-15 

1-19 

58-40 

1000' 

23-15 

21-53 

4-11 

1-23 

49-91? 

not 1 . 

23 Oil 

30-51 

3-70 

1-31 

41-39 

IAoO . ' . 

22-84 

45-10 

4-21 

1-42 

26-43 


1 1 ‘Andereo-' end Roberts. “ Tkc Recovery ol Nitrogen -n Coal Distill, tion.” Jottrn. Sue. Chem. 

2nd., 18 , 109P. , yC'hrintie. /no 7 . Diet., Aachen, 1908. 

«* ’ Simmers bagii. “ Gnthrsucb .ingen ober (lie Bildung von AnimnnUck und Zya..w*Men ioS bei 

der St-inkohlen Distillation. WlaW und Kitten, 1914, M, 1153, 1209. 
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Several workers have since given attenhi'm to this important subject, and 
attention may b5 drawn in particular to the' results of Burgess and Wheeler, 1 
which are given in Table XLIII. These investigators distilled 2 grammes of coal 
at temperatures ranging from $30° C. to 900° C. in steps of 100 degree■*, and the 
rapid'removal of the products evolved in ea6h stage was provided for. With a 
Silkstonc coal^ the evolution of ammonia continued up to ^00° C. In a repetition 
of the experiment, this time in a vacuum, the c-snlutiiu^ of ammonia began below 
350° C. and continuid to COD' 1 C., above which temperature no further* auunonia 
was expelled. * , • 

The amounts «of amjionia evolved iu these experiments agaiti represent only 
a small fraction of the total nitrogen of the coal heated. It must, however, be 
borne in mind that ammonia is a gas whieh, under the influence of heat, readily 
dissociates into its constituent elements. The actual ammonia yields do not 
therefore necessarily express the amounts formed, but only that which lias survived, 
partial dissociation undoubtedfv adversely affecting the yield. 


TABLE XLIII 

Ammonia (las Evolved at Different Temperatures 
(’Burgess and Wheeler) 

Temperature 0 C. . . -150 500 (HJ0 700 800 900 

Total (!as evolved in ecu. per 

gramme of coal . . . 12-0 * 29-9 O'J O 124-0 218-0 268-0 

Vereentagc of XH 3 , 4-7 1-85 I -40 1-60 * 1-00 I-00 

V- * 

, , DISSOCIATK X OF AMMONIA 

* . 

Ilamsay and Young® have show,, that the decomposition of ammonia gas by 

heat starts at 000° Cl., and under *v\-our able conditions, which depend largely 
iifftn the ansa and nature of the surfaces to which Jho gas is exposed, is practically 
complete at 800° 0 . This ten^x-rature is, howo-«cv, that at which in gas-making 
practice the highest yielj of ammonia is jinnlucci^. us is well illustrated in'Tab’ll; 
XL1V given by Lewes 3 afid as would be anticipated from tlfc work of Christie, 
Simmcrsbac.il and Buogess and Wheeler. I • ’ *' • 

*Tater work has shown that the explanation of this upparcniX^olitradiotiun is 
to bo found in the retarding actionfof certain of tTie constituents dfv^hc gas*)us 
products of carbonisation upon tjie normal rate of dissociation «f the ammonia 
gas, 

i , . - 

m 1 Bnrgoas and Wheeler. " Tho Volatile Conalil.m^ts of Coal. 1, Trytlf. CAwtsSoc., 1*110, 97,1917. 

1 Itemwj »d Young. “Tho Llecoin position of Ammouis. by lUat." J'rin-t. C/tem. Hoc... 1884, 88# 
3 Lewes, Viviarf Carbonisation * Coni (Benn Bros.) * * 
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Recently, Mott and Hodsman 1 , have made a study of the Recomposition at 
different temperatures of mixtures 1 of 1 per cent' to 2 per cent *df ammonia with 
various other gases, for example coal g?s, hydrogen and nitrogen, the experiments 
being carried out in the presence of a firebrick “ chattered ” by the attack of salt 
vapours in a coke oven. u 

uABLE XLIV 

Ammonium Sulphate at Different Temperatures (Lewes) 


1 

Temperature. 

"C. 

Afhnoniura Sulphate, 
lb. ncr ton ot-uoal, 

400-500 

i V 

500-660 

. „ 15 

000-700 

* 17 

700-800 

20 

800-900 

26 

900-1000 

24 

1000-1100 

20 


In nitrogen the decomposition of ammonia was found to' he perceptible at 
500° C., and was complete at G00° C. In hydrogen, however, the dissociation was 
checked, the same speed of decomposition being reached at temperatures about 
150° higher than in nitrogen. Eor example, at GG0 a C., when the ammonia 
was almost completely decomposed in the’atmosphere or nitrogen, decomposition 
in hydrogen wt, only just measurable. 

In a mixture of 1-2^ per cent of ammonia with coal gas, 3 per cent of water 
vapour was found to reduce the dissociation v .t 700° C. from 17 per cent to 2 per 
cent, and at 800° £!. from about 90 per cent U. about 30 per cent. At 850° D. 
dissociation ryas completely arrested when about 2? per cent of water vapour was 
present in the mixture. It was therefore concluded that water vapour exerts a 
Strong preservati\ki action on the ammonia diluted with coal gas. 

Ir has been suggested that a& the dissociation di ammonia is closely related to 
the prevailing temperature, the presence of oxygen may increase ammonia losses 
by causing lcyal rise temperature. In Mott and Hodsman’s experiments, 
however, small proportions of oxygen were found to retard dissociation. „Tke 
explanation of^chis fact was v ascribed to the probable ( preferential union of the 
oxygen wjf-Ti hydrogen to form water vapour, the latter having been proved to 
exercise a strong inhibitor) effect upon de com petition of ammonia. 

: . 

1 Mott und jr- Inman. “Factor* influencing the yield of Ammonia in the Carbonisation oi 
•Coal." Jmrn., Aujf. I? ajid fi2, Sept. 12, 1023. ^ . « <■ 






NITROGENOUS PRODUCTS FROM COAL {89 

’ * 

AMMONIAY^ODUCTIOM, IN AN ATMOSPHERE OF HYDROGEN 
t Tervct 1 in 1883 passed a current of hydrogen, over coke heatod to redness in 
an iron tube, and fouhd that laree volumes of ammonia were emitted, the aggregate 
ammonia yield from tho coal being increased by about 100 per cent. From a 
bard, high temperature coke, however, heating in h'yfffogen did not produce 
ammonia. Tfcrvet’s results were confirmed s.ud intended by Beilby 2 in 1881. 

Further work wjs described in 1908 by Christiewho* found tlurt a curreht 
of hydrogen had practically no effect upon tie .distillation of coal at 480° C., and 
that further, wh^n a gramme of ShaVrock coke was heated at 670° C. in a stream 
of gas cojitjvining.f'b peFcent of hydrogen, there was no diminution in the nitrogen 
content T>f the coke brought aSout. He concluded, therefore, that the action of 
the hydrogen waB not'to cause an increased emission of nitrogen from the coke, 
but only to diminish the dissociation of the ammonia formed. 

Cobb 4 has determin'd the* action of hydrogen upon soft, medium and hard 
.cokes (made, respectively at 500°C., 800° 0. and 1100° C.) heated successively 
at 600° C-, 800° C. and 1000° C. 

During the coking process to 500° C., 2H> per cent of the nitrogen of the coal 
had been expelled in various forms, 781 per cent remaining in the soft coke. 
Further heating in hydrogen seduced the nitrogen content in the coke to 28-2 per 
cent of its original value {22d per cent of that in the original coal); but of the 71-8 
per cent loss which this represents, only 34 -2 per cent (or 26-8 per cent calculated 
on the nitrogen content of the coal) appeared as ammonia, the remaining 37-6 per 
cent (20 -/i per cent calculated or. the coal) having been lost chiefly *s free nitrogen. 
The effect of the heating was practically complete at the £00° 0. stage, there being 
little further loss of nitrogen or re ropery of ammonia in the stage of heating at 
1000° C. * * • # • 

Similar troatment of the jnedintn coke, which retained 49-7 per cent of the 
nitrogen of the original coal, resulted* in a loss of 41-0 jfef cent of its lytrogen 
('iey3 per cent calculated on the nitrogen content of the original coal), of which, 
fc-twever, only 3’9 per cent appeared Sts ammoifia*. Further experiments showed 
that the evolution of anujonia iyas not y*t t!ompI«ted, and that prolonged neating 
would have resulted in more coining off. “ 

^JiVith the hard coke, produced at 1100° 0., there was no diminution &! nitrogen 
content on heating in the hydrogen atmosphere, amj no ammoniaN^as evolved. 

1 Tervet. “ On the Production of Ammonia from Coke, resulting fronHli^DostrucWo Distillation 

of Coal.” dovrn. Sac. Chen. InJ., I8s:>,t3, 445. • 

2 Beilby, Sir G. " On thejbroductitm of Ammonia from thl Nitrogen of Mineral*.” JArn. Soe.. 
Che tn, Ind. t !$&*, S, 2l(>. » 

► 1 Chriatw. Jnavg. Dist., Aachen, l1)08. ,, p 

4 Monkhovae, I,and Cobb, J, “The LiberiUioiThf Nitrogen {pfrti Coat and £oko aa Ammonia.” 
Report of Gw Res Arch Fellowship, f02l; Trans. Inst. Oat Eng. f |D3) a 492J, p. # 



LOW TEMPERATURE CARBONISATION 


*9? 

Briefly, then, the action of the hydrogen on the soft coke effected a considerable 
attack on the nitrogen present in the coke, and there were formed increased 
quantities of ammonia, recoverable because formed under suitable conditions. 
With the medium coke the effect of the hydrogen vas less marked and the amount 
of ammonia recoverable was smaller, whilst the hydrogen did not attack the hard 
coke at all. The rate';,! recovery of ammonia was always more rapid at 800“ C. 
than at C00° C. r > 

In an extension o, this wor^ 14-3 lb. of sulphate of ammonia per ton of coal 
waB obtained by heating a soft cokc slowly in hydrogen in stages to 1000° C. 
Between 800° C. and 900° C. the coke lost 11 -7 per cent of its original nitrogen, of 
which 0-5 per cent appeared as ammonia ; while from 900° C. to 1900° C. only 
3-3 per cent of the 9 1 per cent of nitrogen lost from the cokc was obtained 
as ammonia. Even above 1000° C. some ammonia was formed and escaped 
decomposition. 

It was therefore concluded that the presence oi hydiogen in the preliminary 
carbonising period 500-800°C. “in addition +o any preservative action in- 
retarding the dissociation of ammonia once formed, nas a specific action in that 
it is capable of liberating a portion of the ammonia which would otherwise be a 
stable constituent of the cokc.” 

At 1000° C. the nitrogen in the coke had been reduced to 11-2 per cent of its 
original value, and was still decreasing, hut the rate of emission had become very 
slow, and was chiefly in the form of free nitrogen. 

AMMONIA PRODUCTION IN AN ATMOSPHERE OF STEaM 

In his presidential address on ammoni-. supplies to the Society of Chemical 
Industry in 3889 Mond remarked that it had b:en the custom in his laboratory 
to estimate nitrogen in cokc by burning tlie cokeJn a current of steam, which 
converted the wholu’b, the nitrogen present into ammonia. The effect of steaming 
in increasing the, ammonia yield in carbonisation processes is^wcll known. 

Fallowing upon their earlier' work, Mbnkhousc and Cobb 1 set themselves'to 
determine what amounts of additional ammonia,, it is unssiblc to obtain from a 
coke after the |iret period,of heating to 500° C. is passed, by further heating (I) in 
an inert gas such Us nitrogen, and (2) in such a “ potentially reactive ” ga». as 
hydrogen or steam, which might be capable of attacking nitrogen compounds with 
forination fd’ammoniu. 

By heating to 800° C. in the nitrogen atmosphere, ammonia to the. extent of 
abotp 10 per cent of the nitrogen of the coke was evolved, but tbc total loss of 

im 1 

1 Moiikliouflft'Aid Cobit. *"'T ( he Libentiontif Nitrogen ami Sulphur from Coal am’ Coke.” Report 
fjf.Caa Research fellowship!' 11/2 2 ; Trane.' lust. Cue Eng., 1SI21, 1112?, p. J 37. 
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nitrogen from the coke was abdut three times, this amount, the rest being accounted 
for as free nitrogen. A stream «jf hydrogen was then substituted for the nitrogen 
and further ammonia immediately resulted, ultimately equivalent to a further 
31 per cent of the nitrogen of^tho coke. The remaining coke was then subjected 
to steam, and additional ammonia to the (yxtent of 39 per cent was recovered. 
Determinations of the nitrogen content of the residual cblt>» after each stage showed 
that the amifionia production in the last twa stages agreed with the nitrogen losses 
from the coke, It was found'that, by submitting the cbke t» a steam current outy, 
the same iinal yield of ammonia was ubtaiircd v When carbonisation was carried 
out in steam throughout it was possible, within the errors of experiment, to obtain 
the whole rj the, nitrogen of a coal as ammonia, which was liberated much more 
rapidly than in hydrogen. 0 L 

When a hard, high temperature coke was heated in steam, tho nitrogenous 
constituents of th(j coke were attacked, hut the liberation of ammonia was far 
slower than in the cas» of soft coke ; there was, however, a steady evolution of 
, this gas. Free nitrogen was also shown in the balance sheet, suggesting ’decom¬ 
position of some of the ammonia formed. 

NATURE OF TIIE NITROGENOUS CONSTITUENTS OF COAL 

It may be inferred from 1 the results obtained by Simmcrsbach, Cobb and 
Monkhousc and others, that the nitrogen in coal is probably present in more than 
one form. One of the, nitrogenous constituents apparently gives ammonia on 
simple distillation, while the oilier (or others) is more stable, but is attacked by 
hydrogciFor steam with formation of ammonia. 

Christie suggested that coal civil aim “imino” nitrogenous compounds which 
decompose belojv 91)0° C. yielding ‘ammonia} and veiy stable “ nitride ” forms, 
\fliich remain in the coke after ordinary carboninntioii, but hhicli aro gradually 
expelled as free nitrogen wheif the temperature is raised frop.OOO 0 C* to 1900° C. 

*, Cobb suggests t.luit there is indication of '* amino ” groups, which give atfnnonia 
b^ ^simple distillation? and rqpre stabje compoipMs which are possibly complex 
ring formations with nitrogen existing in the .ring, * , 

*, « • » 

» 

PRODUCTION OF AMMONIA IN GAS WORKS- JPRACTlGIi' * 

»■• c 

In normal gas-making the primary formation of ammoiiitV^oocura by the 

decomposition, by heat tj nitrogenofls organic substances iiwtltf coal> followcit by 
its secondary formation at higltcr temperatures produced by tSo action of the 
hydrogen in the coal-gas tpon the soft coke at a reJ- heaf t This ammonia!^ the^ 
•temperature rites, would undergo more and more ‘dissociation^ am? jvould con¬ 
sequently lfc evolved in evej-decreasing quantities, tnljuli af ahead 800° C. th# 
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production would be nil, were it not .for the checking action of the hydrogen present 
upon the dissociation process, which, hs has been shown, exercises a/marked influence 
upon the ammonia yield. 

The explanation of the eflcct of steaming in vertical retorts on the ammonia 
production becomes clear from the previous considerations. The advantages of 
steaming for high tempfelature carbonisation are unquestionable. It is now clearly 
established that increased therms 1 in the form of gas and increased quantities of 
tar and angnoniacal liquor aVe to be l obtamed by this method, although the quantity 
of coke is reduced. In regard to the'production of ammonium sulphate, full-scale 
experimental work at H.M. Fuel Research Station 1 produced tbq. results given in 
Table XLV. * , 


TABLE XLV 


Effect of Steaming on Production of Ammonium Sulphate 


r. 

Percentage of 

Ammonium Sulphate. 

OoaL 

Steam. 

(lb. per ton of coal.) 

Consett .... 

Nil. 

14-65 


5-24 

17-30 


20-95 

20-00 

Mitchell Main Gas Nuts 

Nil. , 

16-27 


5-06 

18-75 


12-44 

21-8 


20-53 

21-2 

Main and Eil, Lanarkshire 

30-03 

21-95 

Nil. 

32-0 

l 

2205 

43-9 


1 


Salmang* has stated that the ,atio of carbomto nitrogen in coke remains constant 
whilst gasification in< steam is taking place.. „If this observation is substantiated, 
only limited steaming could be used for increasing ammonia production in «u;h 
processes as are designed to yield .coke as a principal, product. Cobb has suggested 
that at each temperature stage, in ste^m there is probably a double reaction 
taking place: (1) rt 1 decomposition of ammonia yielding compounds in the coko 
such'£3'tfi>sompflnies a rise “of temperature even in an inert atmosphere of nitrogen ; 
and (2) a rctfCtk-n also liberating ammonia, but accompanied by and probaoiy 
conditioned by'the gasification of the carbon ef the coke. ( 

« 

' Research Board. Repot, for Years 1020, 1021: First F-ction: “ Steaming’in Vertical 
.Gas It torts.” (y.M. Stationery Office.) 

2 Salman?.’ ” Dissertation der Tech niaohen.Hoehac hole Aachen,” 1014. Soc, Markgraf “Ammonia 
Formation in the C.iaiiketio£i ftVCoke and Coal oy Steam and Air.” Jovrn. Hot. Chem.Jnd., lftlS, 85 , 
366 ; 8t«M und Eten, 1915, 35$ 905, o 
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YIELD OP^AMMONIA IN, LOW TEJfpfeRATURE CARBONISATION 

, In view of the widely divergent, and i» some cases extravagant, claims of somo 
inventors for the yiefd of ammonium sulphate by their respective processes, it has 
been* considered desirable to discuss at roirni length the latest researches in the 
nitrogenous products from coal. It is evident from wha?' has been said, that in 
carbonisation processes so effected that no part of the coal is heated to temperatures 
higher than 000° C.» the yield of ammonium euiohate frorfi bituminous coal will 
be of the order of 15 lb. .per. ton, though ivea in this case, if the products are 
subjected unner^sarily to the full temperature of the retorts for any considerable 
time, a poportivo of the ammonia will bo decomposed in accordance with the 
results of the investigations of Ramsay and Young and' Mott and Ilodeman. At 
such comparatively low temperatures, however, such losses are not usually very 
considerable, the grsater part of the nitrogen of the coal still being retained in the 
coke. 

In processes where carbonisnrion is carried out in stages, it is possible, without 
altering tho nature of the products first driven oil, to secure increased aggregate 
yields of ammonia by the subsequent attack of the hydrogen in the coal gas liberated 
upon the nitrogen in the hot coke, and its further action in retarding dissociation. 
For example, in the “ Pure Coal Briquette” and the 11 Sensible Heat ” (Nielsen) 
systems, where the temperature is graded in such a way tliat the coke first formed 
passes through successively increasing zones of temperature, the amount of nitrogen 
liberated as ammonia is continually augmented as the temperature rises. The fact 
that the*, gases escape via the cooler end of the retorts lendt preserve this 
additional quantity of ammonia. ... ■ 

A readily availabje way of detemiLJng the possible yield of ammonia from coal 
is provided by the assay method already mentioned. Tho lyfelds of ammonia 
from various coals os given byrihis mothod have been correlated with those obtained 
fq#n tho same coals in horizontal‘retorts at II,M, Fuel Research Station, and 
hav j been found to be substantially the same. 1 *. 

' In Borne of the proposed manufacturing processes the yields quoted arc extremely 
high when the above coiftdderations are t.ifkon into* account. Some of these claims 
may be justifiable in those cases where the conditioiiBffavopr tin* production of 
aennonia by the secondary reaction, but in tho majority of cases it is extremely 
unlikely that yields excelling 12 lb v of sulphate of* ammonia per ti.ra of coal can 
be obtained. In both the assay apparatus and the horizontal steel retorts of H.M. 
Fuel Research Station the yields 'varied from 5 to IQ lb. per ton according) the 
type of coal carbonised. 

m 

1 Fwl Resweh Board. Report lot Year* 1020? 1021; aecoiuf .mjcugu : ‘ ■ bow Temperature 
Carbonisation.^ (HML Stationery OAce.) • * * • * 
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In a normal bituminous coal containing 5 per cent moisture, the yield of liquor 
per ton of coal would be approximately 10 gallons from the coal itself, and 11 gallons 
from the moisture, or a total of 21 gallons. 

In order to pay for recovery, this liquor would require to be of at least 8 oz. 
strength or about 1*7 per cent ammonia. The liquor as collected would therefore 
have to show a rccove'ry of 14 lb- per ton to reach this strength. Otherwise it 
would be necessary to circulato the coBectcd primary liquid in»an ammonia scrubber 
until it had reached the desired strength of 1-7 per cent ammonia. It is practically 
certain that only a small proportion 1 of the total liquqr formed could be concen¬ 
trated in this way, and in view of the sniall yield available for .sale and the low 
prices ruling at the present time, it will bo seen therefore that rmmonia recovery 
is hardly worth taking into account in the balance sheet of.a straight low temperature 
process. 

Apparently no special examination of the distribution of other nitrogenous 
bodies or of sulphur compounds in low temperature liquor has yet been carried 
out; but these will probably bear some similarity to those found in normal gas. 
liquor, although their distribution will certainly be diherent. 



CHAPTER XVI 


PROCESSES-EARIjY WORK 

INTRODUCTORY 

’ * 

Although it had Been know* foT many years that the distillation of coal yielded 
an inflammable gas, it was not until the close -of the 18th century that coal gas was 
utilised for the production of light and heat. This was "t7lle to the pioneer work 
of William Murdoch,.who may rightly be considered the founder of the modern 
gas industry. Murdoch’s experimental work, begun'in Cornwall in ,1792, and 
continued in the Soho worl^) of .Messrs. BouhtJn r.nd Watt, of Birmingham, in 1799, 
was so far succes^ul that the gas was used in connexion with an outdoor illumination 
to celebrate the PcfCe of Amiens in 1802. In 1810, the first Act of Parliament was 
obtained for the formation of a Statutory Company to supply coal gas to the public; 
and since that date the industry has developed by leaps and bounds until its 
ramifications are new world-wide. It is unnecessary in this volume to trace the 
various stages of development of the gas industry. Even now finality has by no 
.means been reached, and owing to the freedom in the selection of the most suitable 
methods of working affonlefi to gas engineers by the Gas Regulation Act of 1920, 
it is at present somewhat uncertain in what direction the high temperature carboni¬ 
sation process will tend to stabilise itself in tho future. 

Compared with high temperature carbonisation, the process of low temperature 
carbonisation has had a very short history. Although the first gas-making processes 
were carried out under low temperature conditions, the trend of development has 
always been in the direction of obtaining' increased gas yields by the use of increasing 
temperatures, and ov*r a hundi d years elapsed from the time of Murdoch's early 
experiments before the possibilities presented by the carbonisation of coa! at low 
temperatures were recognised. It .-i :ue that sporadic attempts were made to 
initiate work of this description, hut in the mam, inventor* who turned their 
attention to the carbonisation of coal have usually worked more wij.h the idea of 
iqjjeasing the yield of gas and decreasing the yield of tar than with that of obtaining 
soli J smokeless fuel ard a plentiful supply of liquid fuel. The liquid fuel would 
Weed have been a drug upon the market in those days, since it is withinscom- 
paratively recent times oil-turning aj!pliancee*for steam-raising and industrial 
furnaces and the internal combustion engine have been sicveloped.. The proposal 
of tlie process of low temperature carbonisation has been made firstly Wr obtaining 
a smokeless fuel, and secondly, for thj increase of supplies of home-prwluced liquid 
fuel to meet the increasing demands of industry during the twentieth century. 

i 4 

, ' COALITE PROCESS . 

Fo^ the process of low temperature carbonisation, a^ i>is,und'rst<ft>d to-day, 
there is little dbybt that creGit must be givdh to Mr. ? f.*Parker* of "Coalite”* 

195 9 * i ** 
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fame. Parker’s first patent was girfntcd in 1890, but his principaJL patents for the 
process were taken out in 1906. In the years 1907 and 1908 numerous other patents 
were filed in his name. Experiments were first conducted in Q -shaped horizontal 
retorts; but, after experimental work on various Other typeS, Parker devoted his 
energies to the development of the ptoccss in cast iron vertical retorts, aboiffc ten 
feet long, tapering in diameter fro^i about four inches at the top to about six inches 
at the bottom. Twelve tu^ea wery cist together in a nest, and heated externally 
so that thij material reached a temperature of about 450-50P 0 C. The low tem¬ 
perature coke, known as coalite, was lound to,be admirrbly suitable for a domestic 
fuel, and great commercial success was expected from the,plant. «■ 

These Banguino expectations were not, however, realised. •• A* further study of 
the published records reveals the great difficulties with which Parker had to contend 
in putting his process upon a commercial basis. For example, ho took out patents 
on the improved arrangements for withdrawing gas in the event of any retort 
becoming choked at its upper part and for discharging the coke after carbonisa¬ 
tion-troubles which have not been entirely overcome by the inventors of other- 
methods of low temperature carbonisation. The death of Parker undoubtedly 
retarded the development of this process. The later retorts were made of fire¬ 
brick, and bad a rectangular cross-section, very wide in relation to the breadth. 
Four zones of heating were introduced, the lowest at 450° C., the next at 500° 
C., next at 550° C., and the highest at 900-1000° C. The function of this high 
temperature at the top of the retort was to crack tho tars, to facilitate which a 
grid of suitable material and shape was suspended in the free space. This retort, 
like its predecessors, was not very satisfactory, and further experimental work 
liad to be undertaken. Low Temperature Ca-bonisation, Limited, the successors 
to the original company, and the holders of the Parker patents, have evolved a 
retort which is now being tested on a commercial scale at Barugh, Barnsley, and 
which is described on. page 206. 

OTHER PATENTS " 

1 , ^ * 

Is., dealing with the work of the ^ariier pioneers, it is not possible to describe 
the many inventions which have been patented, or the many experimental plants 
whiph h^ve bepn built. F is proposed, therefore, in the remainder of this chapter, 
to describe the pre-war and war-time developments and contributions to. the 
technique of tho subject, leaving for a further chapter the post-war developments 

which have taken plain;. - 

‘ < 

, RICHARDS AND PRINGLE RETORT 
In 1909 a,fulrtl\er.method of carlxmising material at low temperatures was 
invented by Richards' aW Pringle. This process ! was continuous in action, the 
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material being run into V-shaped buckets on #n endless conveyor, which passed 
through a horizontal retort heatfcd externally. The advantage of this process was 
that the material was undisturbed during coking, and a very satisfactory coherent 
fuel could be obtained. As the material was also in small charges, the time of 
carbdhisation was short, and a large throughput might be expected. Difficulty 
was at first experienced in discharging the coked pmterial fffim the buckets, though 
thiB was eventually remedied to a large extent. The apparatus is, however, bulky 
for the throughput gbtained, and the possibility otvhe loss of gas through leakage 
is thereforo increased. Other difficulties, dud for example to the pin joints of the 

conveyor being objected to high temperatures, have been _. 

encountered, and ruch* credit is due to the inventors for 
their praiseworthy attempts to make this scheme ultimately 
successful. 


TO’SER RETORT 

In 1909, also, Mr. C. W. Tozer patented a further process 
intermittent in action, Thd distinctive features were the use 
of a high vacuum system, previously patented by W. S. 
Simpson, and a special design of circular vertical retort. 
The retort iR of cast iron, and has its cross-sectional area 
divided by concentric rings connected by webs, which extend 
the whole length of the retort, so that the. material is charged 
into annular spaces about four inches wide, as shown in 
Rig. 31. Due to the conductivity of the webs, the diameter 
of the retort, and hence its capacity, can he increased con¬ 
siderably over that of a plain tube without danger of reducing 
the uniformity of coking of theTliarge, while the shape and 
the material of the retort enable it to withstand the pressure 
d#S to the expansion of the charge, thus ensuring the produc- 
tio.. of a dense, homogeneous smokeless fuel. It is stated that 
experience extending over a number of years has shown that 
cast iron retorts for Itrv temperature 'carboniSation are 
practically indestructible. The time, for retorting of * the 
•barge is about 4 to 1 i hours. The central core is scaled 
with a stopper during cijarging, aruj. being uncharged facili¬ 
tates the withdrawal oi tne gases and oil vapours by forming 
a gas passage connecting tjw lower to the upper part dl the 
retort. The gases cvelved from the charge partly pass up- , 
*wards_ through the carbonising mass and partly downwijfdg. 
Those gases u4iieh piss downwards make their cifit 
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w»y of the central tube to the eduction pipe which is situated at the top of the 
retort. The double exit for the gases, together &ith the partial vacuum which is 
maintained in the system, enable the gases to be removed rapidly from the retqpjt. 
The retort was originally kept under a vacuum of 30-27 inchts of mercury, but this 
high vacuum is not now specified, bo i ng,rcduced to 70-150 mm. of mercury. * The 
charging is effected thlough a tijp door; and when the carbonisation period is 
completed, the coke is dischargee through the bottom door of the retprt. The 
charging and dischargmg doors jire made tight by a' special an-angement, and the 
lower door is balanced by counterweights. The doorp art; easily locked. The retorts 
are heated by a specially designed recuperative setting. "Each report is surrounded 
by a ring of brickwork to present flame impinging direct oivjtln cast iron casing, 
and the space between tile retort and brickwork acts as a heating flue. In each 
of the exit gas flues is a damper which controls the temperature of the retort. 
After passing through the damper, the exit flue gases make a number of passes in 
a recuperative flue, the secondary air for the combustion of the heating gases being 
passed 1 through boxes at right angles across the,flue. It is claimed that there is- 
rarely trouble in getting the coke out of the retort. Illustrations of the experimental 
plant at Battersea are shown in the Engineer of 23rd September, 1921, and a 
description of the retort which was being constructed at the Fraser and Chalmers 
Engineering Works is also given. 

MARYHILL RETORT 

The problem was also investigated experimentally by Mr. G. T. (now Sir George) 
Bcilby, at the Maryhill works of the Gasset Cyanide Company, Gfasgovl, and the 
position at that time is given in a contributing tffthc discussion on “ Fuel Economy,” 
held in Section B the British Association at Birmingham, 1913, which is repro¬ 
duced in full in the Report of the Fuel Research Board. 1 The retort, patented in 
1910 by Mr. rf. N. Bnlby, consisted of a i externally heated vertical shell, con¬ 
taining a series o* plates which were inclined alternately in opposite directiCus. 
The ppaterial was passed tbroiigfc the retort in layers about two inches thick .by 
jtrkirig or vibrating these shelves. ‘ T k he maxirpnm temperature to vjhich the 
material waB subjeeved in this apparatus was 400-150° C., and the time of carbonisa- 
tioiT was^Rduckd frrtu the four to six hours necessary in the Barker retort to about 
one and a haif hours. The reduction urns due, not merely to the treatment the 
material in thin tjyejs and the free escape of the volatile gases, but also to the 
frequent turning over of the coal as it pnssed over the shelves, and the consequent 
exposure of fresh surfaces to the action of the heat. *■ 

As the resulting'cote was in small pieces, briquetting was necessary in order 

(* Fuel Research Beard,' Reporttfor Years 1918, 1919c (H.M. Stations y Officio.) 
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to produce a iuel which wbb suitable for domestic purposes. The process also had 
the disability of being able to trflat non-caking coals only. Although improvements 
were effected bo that a unit was eventually obtained in which a throughput of 
fifteen tons per day was easily maintained, it was decided to discontinue the 
erpiftiments. It was considered that a retort of this description was too limited 
in its range of application to provide a solution of the wider national problem of 
the satisfactory treatment of fusible, or partly fusible coals, at low temperatures. 
The experience gained in the work has since been advantageously employed'in 
the design of low temperature carbonisation*pbnt at H.M. Fuel Research Station, 
which will be lajer described. 

DEL MONTE AND CHISWICK PROCESSES 

Of the continuous processes, ono of the best known is the Del Monte, embodied 
in what has come to bt calle3 the Chiswick retort. The development of this process 
. can be followed very clearly bv an examination of the patents which ha*ve been 
obtained by those in charge. The first patent was obtained by Del Monte in 1911 
and the process for a considerable time went by that name. Tins patent relates 
to the extraction of the volatile matters in carbonaceous materials by the diffusion 
through tho heated material of a gaseous medium which is preheated to the same, 
or to nearly the same, temperature as the charge within the retort. Thin idea 
was embodied in a small vertical intermittent type of retort, tho gaseous medium 
employed being coal gas. Apart froin other non commercial aspects of a plant 
of this description, the results were unsatisfactory, because of tin*great difficulty 
of ensuring a uniform diffusion of the hot gas through th^charge. A radical change 
in the method of retorting was therefore made, and in 1914 a patent was obtained 
in the name of the Oil and Gabon Products, Ltd. According to this patent, the 
retort was given a small ineljnat ion to tho horizontal, and the material was mQved 
^lyoiigh and up the retort by rn.esr.fi of a screw conveyor'of almost the same size 
ar the internal diameter of the retort. The pitch of the screw and the diameter 
Of the retort were kept small,'so that the material did not move through th§ retort 
in bulk, but was heated m relatively thi* layers.* The retort was heated externally 
by gas, or according to a separate patent filed the same ^ear itfcould be additionally 
.heated by means 01 gas jets placed within the conveyor shaft, whicu was made 
hollow for the purpose The pr^ess was therefore continuous In action, and 
represented a great advance upon the previous patent. This patent was obtained 
not so much upon the method of retorting—for of cpitfsc the principle of the screw 
conveyor is old—bijt on the method of condensing th\ product^ of dit'i]jfir$iom 
* The raw material was fed in at the lowej and /•.older en^d of the retort, and the 
retort wa% progressively betted towards the.upper tnd.• The and gas outlet 
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being at the lower end of the retort,the hot gases and vapours ^were condensed 
by contact with the slowly progressing colder material passing up the retort and 
the condensates were thus easily collected. <• 

It was found, however, in practice that the cels were so heavily laden with 
free carbon and ash that they were commercially of little use. A possible refnedy 
is reflected in the next jJatent, dot^d 1915, in which the retort is horizontal, gaseous 
products of distillation being collect cd*at different points in the length of the retort 
by separatp eduction 'pipes. ThtJfce eduction pipes lead the gaseous products into 
a collector, which likewise largely^acis as a condenser. The gas outlet being at 
the cool end of the collector, the patent is obtained on the claim, that the hottest 
vapours have to pass through successively cooler zones of Vappue on their way to 
the outlet. '• ’ 

"Up to August, 1918, no further patents had been obtained and the improve¬ 
ments effected had been of a minor character. In 1917, the Petroleum Research 
Department of the Government ran a large number of tests upon the plant. These 
tests wfere made, however, moro for the purpose pf determining the oil values of 
various materials than of proving the commercial possibilities of the process. 
The tests were so far successful that, under an agreement with the Mineral Oil 
Production Department of the Ministry of Munitions, a battery of thirty retorts 
was under construction and nearly completed when the armistice was signed. In 
consequence of the changed conditions the work was temporarily stopped, and 
the plant was afterwards dismantled. Each retort was 14 in. diameter, and about 
20 feet long, and would have had a throughput of about 1 i tons per day. The 
name of Del Monte has now been largely dropped in connexion with this plant, 
and the Chiswick retort,, as it is now called, occupies a prominent place in the 
history of the development of the low tempcfatUre system of carbonisation. 

It should be netted that the Chiswick retort compares with the proposed Burney 
retort, patented in 1918. The Burney retort is"about, 1> feet in diameter, and about 
30 feet long. As in t-llfi* Chiswick retort, the material is moved through the retort 
by means of a screw, but in tl^e Burney retort the screw is hollow, and carsvss 
the hot flue gases. In this way dot ojily can the diameter, and consequently tile 
thfougfiput, be increased, but the carbonising heat is economically and efficiently 
utilised. A description of (the Burney retort and process is given elsewhere 1 and 
need not 1)1 recapitulated, since a full-scale plant lias not yet been built and tried. 

' f 

MACLAURIN RETORT 
<. * * 

Jn 1909, on the motion oj Councillor W. B. Smith; a sub-committee of the 
'Glasgow Corporation "Gas Committee was appointed to “ Inquire into and report, 

* McKpy, It. Ff. The ilt&nry hetori [or the Treatment of Can macrous MaUriaS. (Waterloo.) 
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on any process of gas-making that wifi produce a form of coal residue that may 
be available for use .in ordinary*domestic grates.” In 1914 all the known processes 
*or the production of smokeletfs fuel were examined, and it was decided that the 
process patented bf R. Macliwrin 1 in 1913 seemed the most promising for this 
purjfcse. As this process also promised to yield. laTgc volumes of gas at a low price, 
Bailio Wm. B. Smith moved, in March, 1914, for the appointment of a sub¬ 
committee of the Electricity Department to vork al^ng with the sub-eommitjee 
of the Gas Department on smokeless fuel, with the object of deciding whether 
gas could be utilised economically,, for the' lining of boilers. Negotiations were 
entered into ajd proved successful, and in 1915 a plant to carltonise 20 tons 
of coal per day v:-n erected at Port Dundas, near Glasgow. 

The Maclaurin proces: differs radically from any of "those preceding, inasmuch 
as the fuel is carbonised in an internally heated retort, as opposed to the externally 
heated typcB previously described. The retort resembles an elongated producer 
or blast furnace, but is on a smaller scale. 

According to the original patent, the inventor proposed to pass heated gae 
through a column of biturifinouB fuel in a high producer, the temperature of which 
decreases upwards, and to collect the condensed oils within the upper part of the 
producer, so as to prevent them from running back to the lower and hotter part 
of the column. 

The first producer was put down in 1914 at a small colliery in Ayrshire, with 
the object of treating caunel coal and making gas for boiler firing. The coal, 
having a high ash content, wbb burned to ash. This work proved the soundness 
of the principle of trapping the oil in the upper regions, but had to be discontinued . 
owing to the colliery getting into difficulties. The Glasjpiw Corporation, however, 
had by this time decided to proceed with the erection of a plant primarily for the 
manufacture of smokeless fuel. With the object of getting as elehn a fuel as possible, 
it was decided to erect a double producer. This producer was described by*tho 
iy^pntor in a paper read beforo the Society of Chemical Industry in 1917. • 

• At. that time the plant, which was situated jit Port Dundas, near Glasgow, 
consisted of two retorts, A and B (Fig. 32). The fuel in the small producer^) was 
completely burnt to prof ride po'ver gas, Much passed through the mass of coal in 
the large producer A, and carbonised it to smokeless full. Thus the ash, from, the 
JiuA burnt to provide the heating medium did not mix with the smokeless fuel 
itself. In the latest illustration of tlyi plant workedivt Grangemouth it appears Jhat 
a single producer is now being used. This producer differs frohi tbo original type 
in that the coke does not , pass through a water seal at discharge. It is described 
more fully in the next chapter, which deals with the Jater devglopmwils. 

^ /laclaiLUi, ]^. " Low Tempeyitiiro Carbomsiflg and gome Prodi^te.^ Journ. Sac. Oktm. Ind. f 
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The Madaurin plant can deal with a variety of coala. As vith other pro- 
dncera, however, it does not work satisfactorily Vith drose. It is claimed that, 
owing to the gradual heating, little binding together of the coke takes place except 
with fairly strongly coking coals. The blast can be* readily controlled so that the 
charge may bo entirely jjtisified, and ash .only withdrawn from the bottom, of the 
coke produced may range from a h ,rd grey fuel suitable for metallurgical purposes 
to, an easily ignited smokeless fuel^adapted for domestic ueo. It is stated that, 
during carbonisation, any stony matter in the coal tends to drop out, while mineral 



u Fia. 32. —Maclaubin Producer ^917). 


* 4 

matter scales off and is concentiated in the, breeze., It is claimed, therefore, that 
it‘is possible to obtain a clean (joke Containing a percentage of ash which is little 
higher than that of the original coal since the bulk of the ash is separable as 
6ton*a or'-wgregdtes m the breeze. , 

When the Experimental work was stopped at Port Dund&B, owing to difficulties 
created by the war } t.l^e principal conclusions leached by Mr. Maclaurin as a result 
of that work were :— 

Y . i, '• 

i 0 ’ (ly Coal could bp turned r into smokeless fuel by the passage through it of 

from l'3,00b t;o 20.DOO cubic feef of hot power gas. This is much less than' 

was genially bflieved to be necessary. V 
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(2) An eaijjly kindled smokeless fuel could be obtained, containing not more 
than 4 per cont of volatile matter, 

(3) In a true low temperature carbonisation the yield of rich gas was very small, 
being probably not mote than half what was generally believed. 

J4) The oils obtained were highly complex bodies, difficult to investigate by 
distillation, as they appeared to sufl^r decomposition on re-distillation, 
giving rise to new products. ■ j . 

(5) Ammonia yas obtained in fair quantity, but, while the liquid were tree 
from icrfo-cyanides, sulpbo-eynnidct, otc., they always contained certain 
complex polyliydric phenols, capable of dyeing iron-mordanted wool a deep 
slate grey. , 

(6) The most important conclusion of all, howeVeB, was that a plant of this 
type could wefrk with coking coals without sticking up, a difficulty which 
had been .almost universally predicted by all those experienced in coal 
carbonising. 


The plant at Port Ditndns was taken down and re-creeted at Grangemouth, 
where further experimental work is now proceeding. The process appears to be 
one of great premise. The first cost, and the cost of maintenance, are low ; the 
labour costs arc also low, and the heating arrangements efficient. It still remains 
to be proved, however, that the gae, oil and coko will find ready and profitable 
outlets when a plant on a commercial scale lias been installed in some centre 
of industry. 


ESTABLISHMENT OF H.M. FUEL RESEARCH STATION 
AT 1? VST GREENWICH 

In addition to the above processes initiated ;>nd develop^ 'during the pre-war 

and war-time periods, numerous other patents had also been taken^out at the tame 

J.mie, and many other experimental'pfanta built. Interastfiig though many of these 

my be, it is not poeublo within the confines of a*ginglo volume®to give an extended 

description of all. During tfiis period, however, it was becoming more ami more 

apparent that the difficidties of low tomperature'earbonisation were more profound 

than had been anticipated by the early pioneers ; an*i thqt for the development 

, o£»cach and every process some measure of co-operation iftid mutual assistance. 

was essential between .those interested in the solution of tho problem. This 

development was in reality part of a larger movement. For many years there 

had been a growing consensus ot opinion that a special need exist ed for some degree 

of State organisation and assistance in every fornj of scjenjiiie rupearclf JtSrjj 

felt that if this country were to advance or ov<m ftuiirt^in its industrial position 

in the markets of tho worldf there muBt be such a flcvefc>pmcnt*)f scientific anti 
* ■. 
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industrial research that the national industries could expand naturally and compete 
successfully with those of other highly organised countries. These views finally 
took form when, in July, 1915, a Committee of the Privy Council for Scientific 
and Industrial Research appointed an Advisory Council composed of men eminent 
in science and industry. One of the^primary functions of this Advisory Codncil 
was to advise on “ proposals for Establishing or developing special institutions 
or departments of existing iryjtitut.iops lor the scientific study of problems affecting 
particular industries and trades.”,' , 

It was soon recognised that certain'lines of investigation existed which affected 
bo large a number of interests and of which the prosecution was, so vital to the 
well-being of the population that they could not be effect ivVy followed by the 
mere affording of monetary or other assistance to any particular industry for 
co-operative research. For example, the question of research into fuel and its 
utilisation was too comprehensive to be dealt with by any one industry. Accord¬ 
ingly in 1917, a Fuel Research Board was established, and a Director appointed 
immediately responsible to the Lord President, in order to organise and carry out 
research investigation on fuel problems. 

OBJECTS OF THE FUEL RESEARCH BOARD 
It has already been pointed out in Chap. I that the Fuel Research Board have 
kept in view two main lines of research : First, a survey and classification of the 
coal seams in the various mining districts by means of chemical and physical tests 
in the laboratory, and second, an investigation of the practical problems which 
1 must be solved if any large proportion of the raw' coal at present burned in its 
natural state is to be replaced by the various fo;ins of fuel obtainable from coal by 
carbonisation and gasification processes. , 

In their second Report to the Lord President the Board stated that :— 

“■The second of tne proposed lines of inquiry lias been led up to by a variety 
of influences dui'ing the past al ight or ten years. Among these influences hace 
,bee5* the demands for cheaper and more ample supplies of electrical energy, for 
home supplies of ( fucl oil for the Navy, of motor spirt's for the Transport and 
i^,r Services,<,and last, though by no means least, for smokeless domestic fuel. 

, This laBt b,as been brought about through the growth of public and municipal 
opinion on the subject of smoke prevention ,ln cities and in industrial centres. 

“ The only, development which would satisfy all these needs simultaneously 
would be the replacement'of a large proportion of the raw' coal which is at present 
• burned in be il ere,, furnacesrHnd domestic fires, by manufactured fuels prepared 
from raw cbal fly submitting it to distillation. 

“ Tlie greater part of £he coal* which is consumed in Great Biitart is burned 
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in its natural stato as it comes from the mines. The question of the moment 
then is: to what extent can and ought the present use of raw coal be replaced 
by the use of one or other of the various forms of fuel manufactured from coal— 
coke, briquettes,•tar, oil <* gas. While there is already in the possession of 
Experts a certain amount of knowledge and experience which might enable 
them to organise and direct schemes foie the replacement of raw coal by 
manufactured fuel in particular directions und on p fairly large scale, no really 
comprehensive scheme can be formulated till pertain perfectly definite problems 
in coal distillation have been solved. 1 « 

“ These ^problems can only be solved by carefully organised experiments 
on a workingmc, le carried out under the conditions likely to arise in practice.” 


After pointing out tlio fundamental differences between gas and coke-oven 
industries already established, and a possible new industry which would provide 
for the desiderata already referred to, the Report continues 


“ As regards the carbonisation of coal at low temperatures thebe is no 
corresponding body of*expcriencc in existence and there are very few properly 
accredited data available.” 


It will thus be seen that,,although the programme of the Fuel Research Board 
includes the whole question of the more efficient utilisation of fuel, the subject 
of low temperature carbonisation occupies a foremost place. 

II.M. Fuel Research Station at East Greenwich is designed and equipped for 
the purpose of conducting operations both on laboratory and full industrial scales. 
Since its opening a large amount of reliable data has been obtained and made 
available in connexion with the ni'jth kIs of treatment of coal. Although it cannot 
be claimed tliai a complete industrial solution of the problcn^ of low temperature 
carbonisation has been arrived at*, either here Or elsewhere, it is believed that 
knowledge and experience Biavo b(,e» gained which hav^'brought 1 a commercial 
dotation appreciably nearer. The Board have also, from tiipe to time,* assisted 
e£her investigators and firms* in their, experimental work, both by free discussion 
of the difficulties and possible,,Bnlution^ and, iiv some cases, by the provision of 
financial assistance for tiie erection of plant possessing sonft specially promising 
feature. 



CHAPTER xyn 

PROCESSES—SOMB LATER DEVELOPMENTS 


INTRODUCTORY * 

Useful though it be to study the work of the early pioneert of low temperature 
carbonisation, it yet remains to be seen how their failure and successes are reflected 
in the processes now being consi(fc4ec] and actively advocated. It is desired in 
thjfl chapter to describe and, illustrate these processes and retorts (which, it should 
ho added, are placed in alphabetical order, except for a few which are described 
in tabular form on p. 235). * 1 , . 

THL BARNSLEY PLANT ,. r 

The plant of Low Temperature Carbonisation, Limited, at Barugh, Barnsley, 
consists of twenty retorts, built as one unit, and has a throughput of about 36 tons 
per day. Each retort is made of firebrick, cemented with fireclay, and is of the 
vertical, intermittent, externally heated type. The total depth of the retort is 
D feet 6 inches, the width at the top 7 feet 3 inches?. the width at the bottom 7 feet 
6 inches, and the breadth 11 inches. The distance from centre line to centre line 
of adjacent retorts is 21 inches. It is stated that, in a retort of these dimensions, 
12 cwt. of coal can he carbonised at a time, and that the time of carbonisation 
is less than eight hours. The throughput for each retort is therefore about 36 cwt. 
per day. Each retort hopper carries one charge, and thus acts as a measuring 
chamber. Sections of the retort are shown in Figs. 33, 34 aijd 35. 

The distinctive feature within each retort is a pair of collapsible iron plates 
which are suspended about three and a half inches from each side well. The 
charge to be carbonised ’ics between the plates and the walls. The plates are 
perforated, and the free central space between fticm is in communication with the 
exhauster. The function of the plates is twofold.' In the first place, tho spaco 
between the plrtes forrp a central chamber whereby 1 he removal of the gases from 
the retort is facilitated,' This is beneficial in t\vo ways. It reduces the contaetjof 
the vapours with the hot charge 1 to a minimum, and as the pressure within the 
retort is thereby kept fairly uniform, there is less liability for the retort to choke 
and cause the rich g^« to leak through th'e walls tif bum «with the flue gases. The 
other function o 1 the plated iB to prevent the jamming of the charge in the retort 
during carbonisation, and to facilitate the withdrawal of the coke when the bottom 
doof is opened. As shown in Fig. 36, the platec are sueperded from a bridge piece 
in the retort. T(ie'partial rotation of the bridge piece moves the plates tou'&rds 
each other, and the coal space in the retort is thus increased. The expanded and 
tfyllapoccf positions of,the- plates arc shown in the sprue figure." 

During changing end, cm bonding the plates arc on the same level. The bridge 
piece coven the-space Between them, and deflects the charge into the two out Bide 
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Bpacee. The platen are kept apart by flanged abutments, which take the thrust 
when the coal swells during carbonisation. At the'bottom the plates are connected 
by a link, which determines their maxknum separation. When the bridge pi^e- 
is partially rotated, the plates coine together, one plate rising'and the other falling 
by equal amounts, so that the distance, between their outside surfaces is reduced 
> " irtim five inches to about three inches. On account 

of tliis extra space, the discharge of' the fuel after 
bdrbonisation is facilitated, .and the retort can 
be readily cleared. These plates arc made of 
manganese cast iron, and they are stated to 
withstand the somewhat ‘arduous service without 
suffering undue growth .or other trouble. 

A further distinctive ieature of this plant is 
the cooling chamber beneath ^ac.li retort. When 
the dumping door is opened, the charge drops 
directly into this, chamber. The front of each, 
cliainber is closed by- an airtight door, through 
which the fuel, when cooled, is drawn out on a 
sloping platform extending throughout the length 
of the retort bench. The cooling chamber is 
made of sheet steel, the two sides being water- 
jacketed. The back is curved, to facilitate the 
clearance of the chamber. Thin vertical plates 
are fixed centrally in the Tj-ater jacket, in order 
to ensure a continuous circulation of the water. 
It is claimed' that practically the whole of the 
sensible heat of jlie fuel is thus absorbed, ard 
that the colee can fee sufficiently cooled for with¬ 
drawal withm two hours. The steam generate'* 
..in the cooling chamber is intended for use in the 
Jractionatihg of the’tar oils. 

“ Steam is admitted through tlie dumping door, 
and it is claimed that the action of the steam on 
the charge undergoing caroonisation rcsulta in 
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Fio. 36.—Barnslk-,- Retiut. 
< Shcj ing col'ipsiLle platen. 


the increase of the ammonia compounds ip the gas given />fl. 

'The gas leaves <tW retort at the top and passes into a hydraulic maim*bWpjigh 
swan necks. The tar extraction plant, gas scrubbing, plant, etc., are- those of 
xs.'dinaryigaswprkfl practice. 

The gas .retort are hepte dtexie rnally by gas obtained, either from the carbonised- 
‘tharge, qr frohj a Moiii producer gas plant. A seefcon through the rqgort hues is 




PROCESSES—SOM? LATER DEVELOPMENTS 209 ' 

shown in Fig. 33. The burner flues are situated one above another horizontally 
in the space between the retorts. It will be seen that two laTge gas mains run 
horizontally at the front and the back of the retorts and feed the burners through 
vertical pipes, The burners aae plain horizontal pipes. The hot gases of com¬ 
bustion from the top burner pass downward^, regenerntedpt each successive flue 
by supplementary burners. The waste gases, eventually piles through recuperators 
and pre-heat the air for the burners. f 

The charge is a mixture of coking and noif-coking coals in the proportion of 
about 30 : 70, and the mixing occurs while the “oal is being washed. The washed 
slack carries from 10 to 12 per cent moisture. The charge per retort of 12 cwt. 
produces about 9l 7 lb. of saleable coke, of which not more than 4 per cent is breeze. 

THE CARACRISTI PROCESS 

The Caracristi process, wBich lias recently been adopted by the Ford Motor 
Company in the United States, consists essentially of a molten lead bath, over 
which roughly pulverised cqpl is passed in layers on a metal plate conveyor. It is 
stated that a Caracristi retort with a throughput of twenty-five tons per day has 
been successfully working for two years in America. The chief feature in this 
process is the short time required for the carbonisation of the material. It is 
claimed that a layer of coal half an inch thick, passing over a bath of molten lead 
at a temperature of 650° C., is completely carbonised in five minutes. 

Details have been published of a plant now under construction at the Ford Works 
in Canada, at Walkerville, Ontario. The firebrick retort is about DO feet long. 
G’as is thS source of Treat for maintaining the molten lead bath at the required 
temperature, and the products of ctmbustion pass through narrow passages under 
the bath into chequer brickwork regenerator settings overhead. • A layer of coal 
about half an inch thick is run on the continuous metal conveyor which travels 
on the surface of the lead, and retiirra under the bath tt lough a i.mnelj This 
hlnfel also contains a ( secondary conveyor which is used to coni the coke before 
it is discharged. The main conveyor consists pf cart'iron plates which aro competed 
by steel pins and have overlapping joints, <o that tdio coal dons not fall on the lead. 
The 8]>ced of the conveyor is such that, as previously stated, tllfc time of carbonisa¬ 
tion of the fuel is about five minutes. *- 

* It is stated that the normal quantities of the products of carbonisation are 
obtnii^djby this process, and that the Soke contains 12-15 per c'intent volatile matter. 
It'A not, however, in a form suitable for use as a domestic fuel when it comes 
from the retort. It is^tlie 'intention of the promoters to pulverise t^e greater pro¬ 
portion of the fuel obtained from „he plant under construction, And us%itfor steam- 
raising purposes ^ 


o 
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THE CARBOCOAL PROCESS 

The Carbocoal or Smith continuous system ''of carbonisation, developed in. 
America by the International Coal Products Corporation} should strictly be 
ranked amongst the high temperatusfe systems but for the fact that the iimntor, 
Charles H. Smith of New York, ^s. attempted to solve the problem in America 
which corresponds to the problem attacked by low temperature carbonisation in 
this country. ’ “ 

Coke, which is known as “ ca’-bncoal,” and oil are the primary products of 
carbonisation, and gas is a secondary consideration. The process differs from other 
processes in being in two stages ; the material first being treated at a low tem¬ 
perature, and the resulting 6emi-carbocoal again treated at a high temperature. 
A plant working on this system at South Clinchfield, Virginia, has a capacity of 
550 tons of carbocoal daily. Another plant has also been constructed at Irvington, 
New Jersey. ' 

It is possible to carbonise a wide range of materials by this process, including 
lignite, coking coals and non-coking coals, The material is first crushed to pass a 
sieve of f-inch mesh, and then heated in the primary retort to 480° C. This retort 
is horizontal and externally heated. It is about 18 feet long, and is built up of 
blocks of carborundum, fitted with tongued and grooved asbestos-packed expansion 
joints. The time of carbonisation is from two to three hours. The retort is of 
inverted heart shaped cross-section, as shown in Fig. 37, and the material is con¬ 
tinuously stirred and moved along the retort by paddles attached to two longi¬ 
tudinal shafts. The paddles have a Tadius of 2£ feet, anti the shafts rotate one 
revolution in eight mumtcB. The end walls are made of firebrick. The retorts 
arc kept half full of material, which's discharged through a water Beal, and is then 
a soft, friable masl. The throughput per retort, >if continuously worked, is abeut 
35>tons per djy. 

The material, on ’ leaving the primary retort, contains from 7-10 per cert 
of volatile mattef. It is then* made into ovoid briquettes, the pitch obtained 
from, oils distilled in the plant ‘being usefi as a Binder. The briquettes contain 
about 15 per cent qf volatile mktter, arid are fed°into the externally heated secon¬ 
dary retyrt. Jhe eecontfary retort., shown in longitudinal cross-section in Fig. 38, 
is about i2,feet wide, 21 feet long, and 20 feet high at the" discharge end. Each 
retort - is‘rectangular in crossesection, and contains six-carbonising chambers, in 
two tiers of thiee*ea<h. Being inclined, the briquettes pass through the-else yjbers 
by means of gravity, and 3v*e afterwards quenched in jvater. The temperature of 
carbonisation, is about, 1100?|C., and the time taken is six hours. The percentage 
of volatile mutter pi |hp fufished briquettes is only 3-4 per cent. The usual by¬ 
product plant is inst ailed,*and the tar oils and afhmonia are recovered from the 

r * ( * 

i 
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Sect ion A, A. 

(Section*! view of Primary Retort.) 
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gaeeouB products of combustion. Most of the stripped gas is used in heating the 
primary and secondary retorts, but there is a surplus which is available for other 
purposes. The gas burners for both retfirts are placed in flues and a recuperative 
system of pre-heating the air for combustion is employed. * 
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anthracite in the wentern states of America, it’ is quite adapted to the method of 
burning there adopted. On the fether hand, on account of the restrictive legislation, 
the bituminous coa) from which carbocbal may be made cannot be generally 
employed until it ha* been pre-treated. 

THE EVERARD DAVIES PROCESS 

t « 

The scheme of operation of this process cli ftvrs from the other proposals for 
low temperature carbonisation in certain definite particulars. In tho first place, 
it is claimed that the limits of 10—15 per cent for the volatile content of the coke 
are Bujxtrior to th.; generally accepted limits of 6-12 per cent. The reasons assigned 
for this are : (a) smokeIes"neSB with the higher and lower volatile contents is equal; 
(6) the coke with higher volatile content has also a higher calorific value ; (<■) there 
is a saving in tho beat required for carbonisation by leaving the extra volatile 
content in the coke ; and (d) tho facility for forming a transportable material is 
• equal to that of a less volatile c oke by the control and variation of the retorting 
factors. It is rightly poiifted out, however, that if the higher limit of volatile 
matter be left in the coke, the volatile content of the original coal should not fall 
below 30 per cent, or otherwise there is not a sufficient margin for profitable by¬ 
product yields. In the seconu place, the temperature aimed at in this carbonising 
process is 700-800° C. instead of the lower limits generally adopted by other 
inventors. 

The uso of a higher temperature of course reduces the time of j^rbonisation, 
and it is claimed that the disadvantages experienced when a higher temperature 
is used in other low temperature, processes arc removed in this process by the 
method of heating employed. In this system, ’roth internal and external heating aro 
proposed. About 25 per cent T>f the heating gas s is passed ^through the rotort, 
and it is claimed that thereby the tiihe of carbonisation is reduced, s<> that a given 
“-."ize^of retort has a larger tluoughput than if external heating only were enfployed, 
while the small volume of gas^ employed for internal heating does not reduce the 
calorific valuo of the gaseous yield to such ah extent as to make the gas unsffitab’o 
for town gas, Tho inventors state that it is their intension t# work the retort at 
either high, medium or low temperature, according to the special c : rcum: tance* of 
<fmy*installation. ' - 

Tbe Everard Davies «DstaUation- consists of a fiair of vortical retorts'. Thpse 
retorts have between them a central vertical chamber connected to the exhauster 
main, into which pass the.gases and volatile product*.. The retorts are not heated 
externally throughout their circumference, but onlywn tliat jart ntmote from thtft 
Central chamber. It is claimed that, with t^is arrangement, tbs “ crocking ” of the^ 
volatile products of carbonisation is reduced* to a miniAum. She combustion 
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chambers are arranged in three or four zones, ranging from 400° C. to about 
800° C., so that the material iB progressively heated as it passes through the retort 
under the action of gravity. As previously stated, about 25 per cent of the heating 
gases passes through perforations in the retort, and mixes with the charge during 

carbonisation. v < < 

•> ■ 

THE .FtSHER PROCESS 

< , 

The patented process of coal, cerbonisation adopted by the Midland Coat 
Products, Ltd., and worked out by Mr. A. Fisher, B.Sc., A.I.C., is the outcome of 
investigations begun with the set purpose of finding on ofitlgt for a definite class 
of poor quality coal. It may be remarked in passing that this attitude Cowards 
the problem is very sound, since there are great possibilities of attendant success 
should colliery owners, or those connected with collieries, attempt its solution in 
dealing with certain definite types of coal in which they are interested, even 
should 'tho process or retort evolved prove unsuitable for a wider range of. 
material. 

The material in which the Midland Coal Products, Ltd., is chiefly interested 
is non-coking small slack, which is, in normal times, mainly a drug on the market. 
A typical coal of this type is Top Hard Half-inch Slack, of which the analysis of 
an average sample is as follows:— 

Per cAnt. 

Ash . . . . • . . . 31-51 

- Volatile Matter.24-20 

Fixed Carbon . . . . . .44-29 

Sulphur ' . . » .1-39 

Calcific Value, 9800 b.Th.U. per lb v 

1 j < 

Natvrally‘ the first objective in dealing with material of this nature, in order- 
to produce a final swlid produot af value, ib the employment -of an efficient washing 
process. Economic and effective washing o’f slacks°wa» not an easy matter until 
quite recently; but the Rheolaveur process of -coal-willing solves this initial 
difficulty # with satisfaction, both from a technical and commercial point of view. 
It is stated that the ash content of the raw material of about'30 per cent can now 
be easi’y reduced commercially,, to a maximum ash content of 4J per cent at a cost 
not exceeding 5d. per f on, washed. 

The raw slack shows ort grading and washing tests the following percentages, 
thus showing the difficulties tp’ be contended with in tho washing process 
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GRADI1& AND WASHING TABLE 

* 

Sample of Top Hard Half-inch Slack 


9 ---- 

■ Floatings 
on 1 35 

Sp. Gr. 

• Solution, 

Sinkings • 
Boating 
on l'i 

Sp. Gr. 
Solution. 

' ’Sinkings <; 
floating 
on 1-5 k . 
'.ip. Gr. 
Solution. 

Sinkings 
Boating 
on 1-8 
‘ Sp. Gr. 
Solution. 

Sinkings 
oil 1-8 

Sp. Gr.* 

* Solution. 

A inch to A inch 
69-6% *, 

Ash, 22-0% 

V.M., 27-57% 

F.C., 5043% 

57 % 

1-95% Ash 

• 

4-5% 

7-6% Ash 

2-15% 
12-9% Ash 

2-0% 

28-4% Ash 

34% 

72-3% Ash 

^ inch to 1 mm. 
14'3% 

Ash, 29-65% 
V.M., 24-90% 

F.C., 45-45% 

51% ' 

1-8% Ash 

3-7% 

6-7% Ash 

3-9% 

12-2% Ash 

24% 

25-4% Ash 

39% 

71-4% Ash 

1 mm. to 0 

16-1% 

Ash, 35-39% 

V“.M., 20-38% 

F.C., 44-23% 

t 

• 

3«4% 

2-2% Ash 

I 

1 

4-31% 

64% 4ah 

Tailings As 

5-46% 

9 5% Ash 

h 73-50% 

H3% 
20-6% Ash 

* . 

55% 

53% Ash 

% 


The next problem wa - to pat this fine washed coal into^suitablc form to find 
a market other than for boiler-firing purposes, for which, oj course, such a cjjean 
^material has an immediate outlet. Straight carbonisation in the statu of wash<i(J 
slack was in any case a useless proceduy to attemgt, as the coai was of jwrcokiag 
character, and the carbonised product would consist of nothing but breeze, *for 
which no satisfactory market existed. * 

Briquetting of such breeze by the addition of a, bindej to the «arbo»scd fuel^ 
*by which mean* volatile matter would again be added to the carbonized material, 
seemed aii^un scientific proctilure. Comjlet* gasification* was a Jpossible outlet* 
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but here again the material was too email to be of general use for this purpose, 
and this, combined with a low fusibility of ash, red -icted tho market. 

In order to get a satisfactory solid product in a marketable condition, lump 
material was essential. This has been attained by simplta briquetting before 
carbonisation. ( t '• 

Ordinary briquetting' with ndrma. pressures, entailing normal disintegration 
o{ the slack, was conpidemj essential from a commercial point of view for many 
reasons, but it was obvious that .With a binder of the nature,of pitch introduced 
into the fuel, it would be impracticable to carry out satisfactorily any metl<od 
of carbonisation by externa’, heat application, owing to the tendency which the 
binder would have to flow out of the material at p temperature dower thap that 
of the incipient, fusion of the coal substance. Internal beating was experimented 
with and satisfactory results obtained. It was found that By grinding tho washed 
slack to a grade of fineness to pass an ordinary ten. mesh before briquetting, the 
incorporation of the binding agent assisted the coking of thS> particular coal. 

Here it is to be remembered that the Top IIar J seam is a banded seam of dull • 
and bright coal with a quantity of black shale, but a higher concentration of the 
bright coal, having a higher coking index than the dull hard bands, is found in 
the riack, and by grinding and mixing, the non-coking particles are found after 
carbonisation to be intimately mixed with the higher*coking particles of the bright 
material, and a uniform hard coke is produced. By this means a natural blend 
of coking and non-coking coal is obtained at once, such a- has been aimed at by 
scientific blending of coking and non-coking coals artificially for several processes 
carrying out low temperature carbonisation. 

The briquettes have r maximum weight of 5 ounces and are made ovoidal or 
spheroidal in shape, with the definite object of ensuring regular interstices through¬ 
out the masB, not only for the penetration of the blast introduced at the base of 
the retort, bufc.also for,the full utilisation of the sens : blc heat of tho liberated gases 
by uniform distrihntioii' throughout the mass df the oncoming charge. •— 

The actual profess of carbonisation i6 thus much on th'c lines of pressure gas 
pjodut er practice, with the exception that the air-steam mixture is fed in horizon¬ 
tally from the periphery of tk& retort*base. The retorts themselves Resemble 
miniature. blast, furnaces in shape, tapering upwards and downwards from a 
. , K v sximum diameter tff 6 feet C inches at the widest part, with cooling arrangements, 
at the'botf.om. 

The ovoids are'fed” in at the top to maintain a bed of 12 to 14 feet depth, and 
gravitate through the retoft without any internal mechanism. It is found that, 
4 by proper control of blast conditions, considerable variation in throughput can be 
obtained without changing the‘quality of the product. A maximum throughput 
'of 28 cwt; per hour per ictoft is obtainable. 
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The feared disruption of the briquettes iA passing through the retorts does 
not take place to any marke^ degTee; and under normal conditions a 60 per 
cent discharge of whole briquettes is obtainable, 80 per cent of the remainder 
being halves and quarters, with an almost negligible proportion of dust. 

Jfaturally, with a process of this descfljtion, briquetting is of vital 
importance. * * * 

The maximum temperature obtained is in the rcjyon of 1000° C. in the com¬ 
bustion zone, and ^he volatile content of the hard carbonised product is between 
1 and 2 per cent. • 

Contrary to ^general anticipation, this material is a free-burning fuel. 

There is a tended for the high heats obtained by forced draught conditions 
to fuse the ash into clinker, but this is due to the inherent quality of the fixed ash 
in tho coal itself, which lias a low fusion temperature. Other coals with a different 
ash do not exhibit this qualify to the same degree. A number of coals, particularly 
Staffordshire coals, have been treated, and it is found that the process is applicable 

• to a large variety of coals with » low coking index. 

The Midlaud Coal Prcrtucts, Ltd., have now erected a battery of four retorts 
with a normal capacity of 100 tons throughput per day, and aro obtaining full 
commercial data on the process. 

The particular features othe process of importance from the economic point 
of view are : The low capital cost of plant in relation to the throughput, and the 
low rate of depreciatio i of the retorts owing to the small area of brickwork which 
is subjected to destructive heat, 

THE FREEK'AlY MULTIPLE RETORT 

, The Freeman Multiple Retort can be used with oil shalet^or non-caking coals 
which do not fuse when the ■ are heated. The retort (Fig. 39) consists essentially 

> of a Beries of cast-iron chambers pLcftd vertically one above the other. Jhe coal 
• nters the top chambvr through a gaslight charging valve, and falls upon a rotating 
plate. By means of ploughs it is spread "over this plate in a thin laycr^and is 
gradually worked to th outer edge, whence it falls ^on tj the bottom of the 
first chamber. 

* • 

4 «A series of plougua attached to the bottom of the rotating plate gradually 
the coal into an opening in the centre pf the flooded the chamber ; th«n*-<> it hails 
upon a rotating plate in the second chamber, and the proceu iaiepeated. The coal 
is therefore very evenly hqated up to the maximum torilperature. The first chamber 
is maintained at a timperature approximately 120 3 C.,* sufficient to driyc off th| 

* combined and free moisture in the coal. , « ’ * , 

The Stroud chamber brings the coal*up. to the temperature^ of incipient off 
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production, while the maximum temperature attained in the fifth or sixth chamber 
is about 455° C. to 485° C. J 

The original idea in connexion with this plant was that the coal should be frac¬ 
tionally distilled, jfn attempt was made toysolate the distillation products given 
off at each temperature. This, however, hasnt practice prfly been partially success - 
fol. The first chamber does act practically as a dehydrating chamber, and the 
products of distillation frojp the top chamber conskt almost entirely of water. 
The oils and tare frqm the remaining chambers arc not clcan-cut fractions, however, 
aid some of the oils f-eftn chamber No. 2, ‘fcr example, are collected in receiver 
No. 3, and so qp, Despite the general lack of fractional distillation, the romovel 
of the water in the first chamber does materially reduce tho dehydration necessary 
of the final oil products. * 

A plant has been installed at Willesden of a capacity of ten tons per day. The 
temperature regulation has proved to be exceedingly efficient, and the system has 
demonstrated its ability to deal successfully with non-fusible coals and oil shales. 
The system is of use where smokeless fuel in powdered form is required for dust 
firing or for subsequent briquetting. 

THE FUEL RESEARCH BOARD RETORTS 
It has been previously pointed out that one of the difficulties in the develop¬ 
ment of low temper,, euro carbonisation is that laboratory experiments on small 
quantities of coal do not necessarily give the same proportionate results as those 
obtained when the material is. treated in large quantities on an industrial scale. 
The determination oi the relations between operations on a laboratory and works 
scale is therefor; of some importance, and it was with' this underlying idea that 
the large-scale experimental rejort of the Fuel Research Station ^as designed. The 
fundamental provisions it wqs dteiroil to embody were * ’ m 

, (i) The Bteady maintenance within tho retorts of any desired carbonising 
temperature tfp to G(KJ° C. * 

(ii) The exposure to the desired temperature of coal crushed to various tlegrees 
bf fineness in layers of any desired thickness, dips regard being paid to the 
effects of heating by radiation, conduction and convection,, - * 

*(iii) The collation and accurate measurement of the gases and volatile liquids 
resulting from carbonisation, • • * • ■ ' 

fiv) The removal, quenching and weighing of the resulting coke and the study 
Of the influence *f fusibility in different types of coal on the physical 
properties of ♦he coke. > ' , t • * • 

(v) The design and construction of tho oven# oh chaqibsrs in^vbich the car- 
bojysingjretorte or nftchines are sit st» as to eueuhe uiufojmitv pf heating 
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with the minimum expenditure of fuel ajid the minimum deterioration 
of the metal of .which tho apparatus ia constructed. 

(vi) Towards the attainment of these? ende the complete control pud accurate 
measurement, not only of tl^e fuel gas used to heat hhe setting, but also 
of the air supplk d. for its coubustion. 

« i 

The setting of the . retort was designed before the laboratory assr.y apparatus 
hid reached its final ^orm/ but the* importance of studying the behaviour of the 



Fig. 44\_HLH. Furl Research Station, HoWoifrxL Stbel Retorts tor Experimental 

, Work on Low Temperature Carbonisation 4 

Secfional elevation of Bench 1 , i 

« q. &tuol rttoTt, h. Combuxtlou cb*mb»r. c. Cambt-reii mtACI (L>p). rf. Oamliererl *t*el plat* 1 bottom). 

* Ubannel ln>a aide (5" /. Self-wUR* Aoor. /,i Nostril WocVh fox tan *ii«l air. *. Wait* K* > 

A. Carbon if lug tmy». p . Overhead traveller, o, Movable crudlfl. 


<_ 1 t ♦ 

earbonisatiop of coal at different temperatures and of preparmg accurate balance 
sheets'wv ft kept in view throughout in both cases. <■ 

A full description 6f the horizontal steel retorts erected at H.M. Fuel Research 
Station is given in the ReportMf the Fuel Research Board. 1 but a Bectional elevation 
js shown'In Fi^. 40. t Briefly, .the battery consists of nine hcxizontal retorts, each 

1 Fuel ReSeat h Boald. - Report for the Yeap> 1920, 1921; Second Section: “ low.Temperature 
Varbonisatifin.” (P.M. Stationery Office.) 1 “ , 
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9 feet long and 2£ feet wide. Each retort consists of top and bottom plates of 
§-inch mild steel, slightly cammed, connected by 5-inch standard section channels. 
With this cn^ss-section it has been found that t le retorts have successfully resisted 
the tendency to distortion duo to their exposure to a temperature of 600° C. during 
a leflgthy period. The retorts are closed atttho fronted by self-sealing doors 
through which are inserted the trays in which the coal ftir carbonisation is spread. 
Two trays per retort aTe used, each tray being the Vfll w\idth of the retort apd 

3 inches deep. SteeJ strips across the trays divide the'material into blocjrs of 3-inch 
cube. The gas off-take ie*at the back of the -ctort and leads to a common collecting 
main, but the off-take is automatically closed when the retort door is opened. 
The yapours ait led as"usual through condensers, scrubbers, etc., for the collection 
of the oil, etc., and the gas is collected in a gas-holder. 

The heating chamber for the battery is 30 feet long, 8 feet wide, and on tbe average 

4 feet high. It has a capacity of about 860 cubic feet. The gas and air are supplied 
through three nostril Slocks in the roof. The combustion of tiie gas is completed 

• under the crown of the arch, which is maintained at a temperature of ovo# 600° C. 
and radiates its heat to t4ie upper surfaces of the retorts. The products of com¬ 
bustion pass tho retorts on their way to the flues which lead from the bottom of 
tbe chamber. 

These retorts have proved extremely useful for the purpose for which they 
were designed. Tl, yields and qualities of tho products of tho carbonisation of 
various types of coai have been ascertained with great accuracy, and valuable 
knowledge of the maintenance of retorts of this description has been obtained. 
The mos+ serious disadvantage froma commercial standpoint has been found to be the 
relatively heavy labour charges involved on account of fhe carbonising trays being 
put in and taken out of the retort by hand Even under such adverse conditions, 
however, the retort at one staSe of the market wa« practically**el^upporting. 

In view of the experience gained by the working of these retorts, a fuxther 

*' carbonising machine was devised Anft patented, 1 one ofvlho patent drawings of 
vliich is shown in Fig. 41. It will bo seen tha J ..the carbonising trays rest on an 
elevator which can be moved vertically in a gastight chamber. The tr»ys can 
in turn ^re moved opposite an opening in the rctoft through w^iicli the tray is drawn 
to an outside chamber. It is then discharged of its coke, (pleaded with coal^and 

• returned to its shelf in the elevator. This retort has been In operation for sonic 
months, and very satisfactory coke |jae Veen produced. On account of tbe.rcdifc’tion 
in the amount, of heat transferred to the coal by radiation, all increased time of 
carbonisation has been required over that necessary In the earfier retort, and the 
mechanical difficulties caused by the tendency of pilots fo^et out of reg«ter # owing 

• to 11 creep ” of the metal at the temperatures .used have'like wise,reduced tte 

* • ‘ Pat. Spec. 1^8,994 (1922).'' 



222 


LOW TEMPERATURE CARBONISATION 























PROCESSES-SOME LATER DEVELOPMENTS 223' 

« I 

advantages which would otherjrise have been’obtained. The experiments upon 
this type of apparatus have ^ecoidingly been dropped for the time being, as it 
seemed that* a more promising method * of 1< w temperature carbonisation was 
opening out m another direction, and the time of the staff and the facilities of 
the station might more profitably be used iA developing the new scheme, (See 

p. 261.) 

‘THE FUSION PATENT LOW TEMPERATURE RETORT 1 
• * 

•The Fusion Patent low Temperature Retort is made in two types, viz, double 
tube type and single tube type. In the former, the material passes down the centre 
of thg inner tu&j, where it falls into tho outer tube. It then passes down the 















22j 


LOW TEMPERATURE CARBONISATION 

c 


t r 

It is stated that for a speed of 5-7 revs, per raitiutfs, 1 B.H.P. is required to drive 
the 5-ton unit. 

Within the inner tube is a loo* e “ star ” or “ cross ” breaker, wbise diameter 
is about two-thirds that of the internal diameter of the inner-'tube, vis the retort 
rotates the breaker is cteryeri with if qnti} a point is reached when the breaker falls 
over, and one point or edge of thh star or cross comes in contact with the bed of 
tie material under treatment, giving it a glancing blow with a chipping effect. 
A similar type of breaker may he Employed in the annular epaejj between the tubes, 
or alternately the inner tube may be-provided with, external ribr and act itself as 
a loose breaker in the outer tube. 

The material, which is preierably crushed to pass through,a j^Sich sieve,^is fed 
into the inner tube at one end and leaves the outer tube at the same end, after 



Frc. 43 .—Fcbion Patent PvLtort. 

/ Typical Tempera tyre Gradient, 
r 

traversing first the ntner and then the outer tube. The material is not mechanica’ly 
propelled along the tubes, but moves along through finding its angle of repose as 
the tubes rotate. There must, of course, be!"a difference in level of the material at«* 
inlet and outlet fa* motion to take place. This difference in level, or “ head,” 
vjaries- with the rate at which the material is Vrcated, with the speed of the rotation 
of the retort and with othe T factors, but it is stated that the head required in a single- 
tube retort is about 2 inches. 

. The heating gases circulate around the outer tube, and nenco the inner tube 
is oniy indirectly heated. The- temperature gradient of the material in the retort 
therefore riseB very gradually; and, as given by Capt. If. J. Goodwin, Ms shown 
in Fig. 43 for a typical run. ' By manipulating tho dampers G (Fig. 42)- the tern- 
, perat-ure -gradient jn the irate* tube may be regulated to svit different materials, 

1 Goodwill, C J. “ The Fusion Patent Low Temperature Retort." Trant. S. WaUt Inil. of Eng., 
'April, 1022. ( ■ > ' 
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rising either gradually or quickly to a maximum, or rising in defined stages if it be 
expected that a strongly marked exothermic action will take place in the material. 
The evolved^ases'and vapours in each tube remain separate until they mix on exit. 

A special mechanical feature of the retort ( is the desij^i of stuffing box at the 
exit end of the tubes. The method of making,the joint w illustrated in Fig. 44. 
The joint is made between an asbestos compound ring and a steel ring. The 
asbestos compound ring is secured to the reaving tube,* while the steel ring' is 
carried by a diaphragm which is corrugated in order to increase its flexiBility. Steel 
spftngs arc employed to keep the rubbing surfaces in contact. 



The loose breaker differentiates this retort fronj other somewhat similar devices’. 
The outstanding claim made is that the breaker not only kehps the heating sur¬ 
faces free from dirt and scale, but that it also prevents the cjkiug bf the material 
stsclh The power required to actuate the breaker is very small; and, its j. scraping 
action takes place each t%e the breaker ‘alls over, tiers is m> e dagger of thy scraper 
breaking br failing to function. It is stated that the throughput o f a Fusion retort 
of the dimensions described; is from 31 to 5 tons per 24 hours. 

An experimental rdtort of tin above type, thou^tf withSmb the iipier ?ubef has * 
teen constructed by the Fusir^i Corporation Ltd., at Jheii*w6rks at’ lliddlewich, • 
Cheshire, ft# tlipughput is 5 ions per day. 
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, THE MAOLAUMN PROCESS 

The earlier developments of the Maclaurin process have already bfeen outlined 
on page 200. The most recent development arises from the deiision oi the Glasgow 
Corporation to install a'lottery of fivo units of this type of retort at Dalmarfcock. 
Two objectives are aimed at: Firstly, the production of smokeless fuel, and 
secondly, to prove whether o'r not the gas obtained by the process can be economically 
used for the firmg of the boilers in tfie generating station. 

Fig. 45 shows one of the latest types of the Maclaurin retort. It has a squtfto 



cross-section, its maJmur.i internal width being 8 feet aiVd its overall heigut about 
45Veet. ‘J^he r.'tort is raised above ground level so that tubs can be run beneath 
£o facilitates discharging. For the purposes of securing uniform distribution, 1 'the 
alt blast enters through a large" numlrcr of na~row ports iii the opposite side-walls, 
and also by similar ports ii^a dividing wall which is carried across the plant at the 
same level. The zone below’,the entry of the air is the cooling zone. ' Steam is 
• injected it the''discharging doi,re, and, in cooling the coke before discharge, becomes 
Seated and* pfrtly decoritposed" into water gas. Passing upwards, it mixes with 
the producer gi s formed at the combustion zone. The cylindrical tank at the top 
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of the retort, which acta as a condenser, ha a a diameter of 8 feet and a height of 
about 10 feet. Tho bottom of i!his tank dish'd upwnrds #80 as to provide a well 
for the collection <H the oil and water. An open internal cylinder dips into this 
well, leaving an annular space of about 2 incheft^or the passage of the gas. 

The plant is continuous in operation; and a retort Jpt the dimensions given 
contains about 30 tons of fuel. It. may be run cither for complete gasification 
of the fuel or for the production of smokeless £m:l, the’only adjustment necessary 
in changing over consisting in the regulation of the air blast and gas outlet valves. 

It it stated that the gas 'leaves' the p\pnt at a temperature of from 60° C. to 80° C., 
so that the heat Josses involved in the process are very small. 

* * 4 . * 

THE* MARSHALL-EASTON PROCESS 

The Marshall-Ea^ton retort, a suggested arrangement of which is illustrated 
in Fig. 46, is of the vertical type, heated internally by the sensible heat of water 
•gas and heated externally by the ignition of “ blow gas ” in the surrounding chequer- 
work. The retort, is made t>f silicon east iron, 1J inches thick, and consists of two 
vertical cylinders with a common segment, so that the cross-section is in the form 
of the figure 8. Tho interior of the retort contains two screw conveyors, ono in 
each cylinder. The screws arc so disposed that the projecting portion of one is 
opposite the recess of the other in the common segment of the retort. The move¬ 
ment of the screws is synchronised, the speed of each being from six to ten revolutions 
per hour. The descent of the charge through the retort is controlled by the move¬ 
ment of thp screws, anti the cl a in! is made that, as the blades of the screws segment- 
ally overlap, highly bituminous or stiohy coal daunot hold itself up in the retort, 
as it is continualI) I, beiiig wiped forwards anti downwards. It should be noted that 
thc/daim that the screws act as tempers is not mad# by the inv’enfqrs. The charge 
progresses through the retort *in segmental rings about 6 inches d<sp and abtAit 
*1^ inches thick. Thus the external hflaf of carbonisation halt to pass truly through 
tW thickness of tho ret Jr t and 44 inches of the cWge, and it i3 claimed tliat the 
tinlb of carbonisation is from three to four hours. A full description of the to tort 
and process is given by Mr.^P. D. Marshall In a recent nunber <*f the Gas Jourml. 

• 

THE PEHRSON PROCESS 

The Pehrson rotary furnace system is designed to separate the product* 
which come ofi when coal is heated 1 up to 2r>0° C. (or higher with some coals) from 
those which are evolved between that temperature and ,560° C. It has already 
bfen shown (Chap. VII) that tire dormer consist mainly, if i.ntircjy, of catbon* * 

1 Martha!.’ F. V- “Low Tempytature Carbon Hut i'm by the* McAiuni of Water Caa: Ihe- * 
Marehe.ll-E&Rtor.irrocfws. 11 tins Journal, June 13,1923. 
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dioxide and the water of constitution, whilst the oils and hydrocarbon gases are 
evolved during the latter stage. 1 1 the .higher temperature stage internal heating 
is effected by recirculating a proportion of the make gases afte. 4 ’their temperature 
has been raised in a separately fire l gas-heater. In the lower temperature stage 
the internal heating is effected byoneans of the flue gases from the gas-heater.^ 

^ The process is intended to treat small coal or duff. The main operations axe 
carried out in rotary fetor^s whiid^ are intercommunicating but which allow the 
products of distillation mixed with the heating gas to he taken off separately from 
each furnace. * ' ‘ ' * 

The retorting apparatus consists of a drying tray apd two rotary furnaces. 
The fine coal first passes over a drying tray which consists of a circular table under 
which the hot gases from No. 1 furnace are conducted. It is then fed into No. I 
furnace, where it is treated by hot air or waste gases at a temperature below that 
at which combustible volatile matter begins to be liberated to any extent. The 
distillation products from this furnace being valueless arc discarded after passing 
under tho drying tray, but a portion is circulated tiirough a heater and reintroduced' 
into the furnace. No. 1 furnace is at a higher level than No. 2 furnace in order 
to facilitate the transference of the charge. The material enters No. 2 furnace at 
a temperature of from 250° C. to 300° C. and then gravitates gradually towards 
a zone of heat which at the discharge end is kept at about 500 3 C. 

The rotary furnaces consist of deep drums, each of which has tubular extensions 
or ncch-R at both ends to facilitate charging and discharging. Integral with the 
drums are h number of conduits through which the hot gases arc introduced into 
the respective charges. The method of conveying the hot gases to thu charge is 
by means of valveB 60 ues'gncd that the gas .8 forced into the„ charge through a 
number of tubes, inserted in a circle round the periphery of the furnace and main¬ 
tained through'to the opposite side. These tubes liave longitudinal openings at 
given interval^, and it is stated that they are so constructed that the orifices cannot 
be choked i>y the charge. 

The valves are so designed that only those tubes which arc below the charge 
of coal at a given depth are'in service. h It is affirmed that this device gives perfect 
control since the gains always passed through fuel of determined depth, which being 
in constant riiotion^can be maintained at a very uniform temperature whilst the 
riskof condensation of oils within the charge is reduced to a minimum. 1 • 

t. , 

THE PURE COAL BRIQUETTE PROCESS 

y. f, . * ' 

■- The Pure Coal 1 Briquette process which has been developed by Mr. E. R. Sutcliffe 
c and Mr. fi.'C. Evans depends fo^ its jt access more upon tho pre-treatment of the 
material than upon tfie type of retort used. The’authors indeed. st-Ae that theii 





PROCESSES-SOME LATER DEVELOPMENTS 229 

* • 

process can be successfully cafried out in existing gas retort or coke oven plants, 
although a special type of reton has also been Resigned wljen a eraokeless domestic 
fuel is required. ■. 

The coal is first cashed and dried, and then ground to the size determined by 
the characteristics desired in the resulting cokij. The- si^e usually recommended 



coal in the requisite proportions to render the ipixtane non-expanding. Jt.-fc stat^jf 
that, with most British coals, good results can be obtained b*y the addition of 
20 per cent to 25 per cent of coke breeze. The mixtdie is then briquetted without 
a binder, a pressure oieight to ten tons per square inch Uejjngapplied ina«specially, 
designed ovoid press. The briqiiettcs thus produced | nro , hard«and dense, and not 
only pJss fbrough the retort 'jithout fract8re,*but resfilt i* a fuel ^vhich # does not 
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readily disintegrate during transit. The inventors state that a briquetted material 
of this description may be advantageously used in gasworks and coking ovens. 
The coke is not only free-burning and smokeless, but is hard and dense. It is 
claimed to be of better quality than the cokes obtained from existing-processes. 

In order to obtain the most suitable fuel for domestic purposes, the material 
is subjected to a gradually increasing temperature which may rise to 1000° C. The 
resulting fuel haB a luw volatile content, but it is claimed that on account of its 
structure the coke is as easy to ignite and as free-burning as a coke with a volatile 
content of 10 per cent. Tho use of this high temperature ensures a high yield of 
gas and ammonium sulpha,o. In addition, since the coal is gradually heated to 
its maximum, the tars are expelled at low tempiratures and nave the same 
characteristics as ordinary low temperature tars. 

The type of retort employed is shown in Fig. 47. Tho retort consists of a 
vertical cylindrical chamber lined with firebrick and lagged with insulating material. 
It is heated internally by means of steam superheated in preheaters and regenerators 
to the required temperature. The retort is fitted with two regenerators, which are • 
used alternately in the usual way, one being heated while the other is giving up 
its heat to the steam used as the heating medium. The regenerators are heated 
by part of the surplus gas being burned at the bottom, the products cf combustion 
passing through the chequer work bricks. 

THE SCOTT-MOXCRIEFF PROCESS 

In the Scott-Moncrieff process, of which a detailed description has not yot 
appeared in the technical press, though particulars are given in his Patent Specifi¬ 
cation, 1 the material is placed in a series of trays, which are superimposed one on 
the other in a era'd'e or support. The treys are fitted with, circular bosses or 
distance pieces. which engage by malo and female projections, and leave a free 
passage -between the trays for the withdraw^ of the gaseous or vapour products 
of carbonisation. Means are ponded for engaging the trays to the cradle, so that 
tjie trrys of the series arc successively introduced or withdrawn from the lower e^d 
of tho latter. The cradle is rigidly attached to the lid of the retort, and can be 
corveniently introduced into and removed from the retort by means of an over¬ 
head traveller or trolley. After the material has been carbonised, the trays are 
removed, from the retort and placed in a cooling chamhe* of the same size as the 
retort. The' circular groove on its tipper rim corresponds to the tongue on the lid 
of the retort, so that a tigfit junction is readily effected. When the material has 
4 been cooled, the cradle is taken to the unloading platform, and the trays disengaged. 

‘ Hydraulic power is suggested as a convenient method of raising and lowering* 

1 Seott-Moacrioff, YV. ‘O. V*t. Spec. No. 182,888 (1822). 
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the cradle for this purpose. When the trays have been unloaded, they are taken to 
a loading platform, where the correct amount if fuel is introduced into each. The 
operations bf loading the cradle and carbonising the material are then repeated. 

It will bn seen tfiat the principle involved in this process is very similar to that 
incorporated in the Fuel Research Board apparatus .dtWibed on p. 221. Mr. 
Scott-Moncriefi’B further experiments will be followed r?ith great interest. 

* .* 

THE " SENSIBLE HEAT ” (NIELSEN) PROCESS * 

* * 

In the “ Sensible Heat ” (Nielsfa) process the retort is of the inclined rotary 
type, and is internally heated with hot producer gas. After carrying out a con¬ 
siderable amount of experimental work in a small plant erected at Chatterley, 
Messrs. Bryan Laing and Harald Nielsen, the owners of the patent rights, have 
recently installed a large plaint at the works of the Carbon Products Company in 
India. This retort, vfhich is designed to treat 100 tons of coal per day, is illus- 
, trated in Fig. 48. It consists of a steel shell, which is about 90 feet long’ Over a 
length of 40 feet the diameter is 7 feet, and over the remainder of the length the 
diameter is 9 feet, the larger diameter being at the discharge end. Near the lower 
end an annular chamber, 14 feet in diameter and 8 feet long, is built round tho 
shell, This chamber is for She purpose of cooling and facilitating the discharge of 
the material after carbonisation. The shell is lined with firebrick as a protection 
against the action of heat, and is lagged on the outside in order to reduce radiation 
losses. The charge is fed into the retort at the upper end, and the inclination and 
speed of the retort pre such j that complete carbonisation is effected when the , 
material has reached the lower end of the retort. Separate discharging doors into 
and from the coiling chamber are fitted and are hand'-operated. 

The retort is driven through a. spur-ring which surroaml^ the shell at its 
mid-length. The weight of tho retort is carried on rollers by three running 
banjls, which are situated one .near <a!h end of the retort.' nd one near tl*e driving 
^>and. End thrust is taken by thnist rollorp resting against the side of the running 
Land. ’ , i 

The .material is carbc-.iised by meant* of Iwt “producer gay which traverses the 
full length of tho retort in the opposite direction to the movement, of 'he cliatge. 
Th^ producer, wbicJf is of special design, is placed near the fewer endru the retort. 
The outlet from the producer enters tie revolving portion of tho retii+ through 
a specially designed gland in which cast, iron rings rest on metallic surfaces. At 
the other end of the retort, a fixed cylindrical casing* 31 feet in diameter, carries 
both the coal-feeding mechanism and the gas outht branch. Tls glayid at thi^ 

• end is similar to that at the ot’her. In their design.tht investors appear to have 
solved the, difficult problem keeping a ^arge-diamdter stuffing box tight undef 
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high temperatures. The coal is fed into the retorteby a screw conveyor working 
in a trough into which the coal falfc from a mechanical measuring device. 



m § £3 £3 £3 ' - a 
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Fjo. 48.—“ Sensible Heaj ” (NielsenLProoess. Frodu<;eb Gas System. 

• t, c T 

The hot producer gaB in' its passage through the retort is enriched-with the 
(products tf distillation. After leaving the retort it is passed through a tar extractor 
and condensar'for the serration of the oil before it is used or collected in a gas** 
holder. ‘ 

r < 1 
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A further experimental plait to carbonise 1*0 tons per day, is to be erected at 
Silkstone, Yorkshire. In this pliant, illustrated diagrammatically in Fig. 49, the 
inventors intend to use hot producer gas tis the heating aj$nt only when the plant 
is being started up. * When in full operation .Uie make gas after being condensed 
and ail scrubbed will be passed through a superheater* placed in front of the 
rotating retort and then through the retort, so cffcctirtg carbonisation by means 
of its sensible heat. The superheater is so arranged that it, «an be fired, either hy 
usmg a portion of the scrubbed make gas, oroby producer gas. In this waj^tis 
hoped to obtain a gas more nearly approaching the rich gas that can f)c produced 
in externally heated retorts, whM retaining the advantages associated with 
internal heating. 

• THE TOZER PROCESS " 

The main features of the Tozer process have already been described on page 197, 
and there is little to be#dded to the account there given. A large plant of 24 retorts 
with a throughput of 120 tons of coai per day is now in course of erection at*Ballen- 
geieh, Natal, for the Sou^h African Carbide and Products Co., Ltd., and the results 
obtained from this plant will be awaited with much interest. 

A considerable amount of work has recently been done on lignites from various 
parts of the world, and a first section to treat 100 tons per day of 24 hours is now 
in course of erection in France, the plant being designed to treat ultimately 500 tons 
per day. 

OTHER PROCESSES , 

It is .tot possible to describe all the processes and retorts suggested for the Jow , 
temperature carbonisation of coat but a summary of 'he distinctive features of 
others not alresAy described is given in Tabic XLVl!* It is thought indeed that a 
tabular description along .hese lines‘of all the processes and rcUirts already con¬ 
sidered would be interesting and instructive, but limitations of space render Such 
duytication in this volume inadvisable. * ’ * 

• * . > ■ 

SUMMARY OF SUGGESTED. METHODS OF RETORTING ' 

' * • ' 

From the foregoing description of apparatus, it will be se<p\ that inventors h^ve 

. suggested a large number of types of retort. In addition tnrfhosc wine! have been 
described in some detai), there are mapy others f^utid in the pages of .the patent 
literature of this and otner countries. Most of these are Jikeky to remain theft, 
some as .records of misplaced ingenuity, and others*i?s tombstones of unscientific 
skill. In common with many other inventions, tjie .problem has usually been 
• approached from too limited ail angle. For the attajnrre'iltV| succ^ssj the tfelj^of 
the engineer, physicist and chemist is retired. Co-operation is not only essential 
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Fig. 49.-““ Sun slut e Heat’* (Nelsek) Process. Superheated Circulating Ga^ System. 






















MAIN FEATURES OF OTHER PROCESSES 









236 LOW TEMPERATURE CARBONISATION 

between Beveral different branches of science and technology, but other branches, 
such as geology, botany, etc., are likely to afford valuable information in more 
limited directions. 

Some of the many patents which have been taken out hate, however, passed 
from the inventive to the experimental stage, while a few have gone a step further, 
and have been built on a .caie in which, if successful, they might be reduplicated 
a?, units of a possible Qomirercial plant. By paeans of others, again, it has been 
possiole to place on the market small supplies of coke and oil, but. time alone can 
show whether the commercial results obtained are such as. to ensure their survival. 
The authors have studied in detail some forty of the most promising of the British, 
American and German retorts, and the following broad genera*ioations of their 
most distinctive features au given. 


CLASSIFICATION BY METHOD OF HEATING 

In the broadest sense it has already been pointed out that there are two methods 
of heating by which the problem of low temperature carbonisation may be attacked ; 
but the fact is not overlooked that a process may be successful in which these two 
methods of heating arc combined :— 

(1) The coal may be distilled in a gastight retort in which the whole of the 
heat for carbonisation is passed through the iron or fireclay retort wall. 
The fuel, solid, liquid or gaseous, is burnt either in a large chamber which 
almost completely surrounds the retort itself, or in a succession of smaller 
heating chambers built on the outside of the reto.t wall, i.e. external 
heating. 

(2) The coal mav be exposed to the action of heat derived from the sensible 
heat of sonic substance which is mixed with the material to be carbonised. 
The substance forming the heating material as usually a large amount of 
producer'gas, either generated within, the retort itself, as in the Maela. tin 
type, or extesnally, as in the Nielsen retort. Proposals have, however, been 
.made from time to time to use materials other than producer gas for this 
purpose, these proposals including the use of superheated steam, heated 

1 low'^emporatuie coal gas, melted lead or hot sand, i.e. internal heating. 

Since one of the main difficulties associated with the problem lies in conducting 
heat into the interior, of t the mass, classification under the headings mentioned 
above seems to be'the most itnportant. In the first case, the coal must be carbonised 
in thin layers. ,Tliis renders difficult the design of a plant w'hich shall have a large 
capacity, and, ,at thp-'sffm'i time, be compact and' occupy a minimum of ground 
rpace. It is simple, however, to obtain and recover the maximum of products, 
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especially the gas, both as regards quantity and quality. In the second case, the 
introduction of heat is much facilitated, but when producer gas is used as tho 
heating vehicle, it involves dealing with ^0,000 to 25,000 cubic feet of a low-grade 
gas, having it calorific value of about 230 B.fTh.U. per cubic foot as a maximum. 
If brfHly designed or carelessly worked, the heating value of the gas may be greatly 
reduced below this figure. 

If superheated steam is used, either alone or in coil junction with producer^»s, 
as the beating medium, the quality of the $8 available for sale may bo greatly 
improved, since the steam will be condensed out in the cooling plant, whereas 
producer gas passes along as a diluent. Unless steam, however, can he obtained 
mow or less as a waste product from some other operation, the difficulty of 
recovering and making use of its high latent heat renders it expensive as a 
material whose only function is to distribute heat which it possesses by virtue of 
its temperature only. * 

Although most types of retort may be classified according to.tlie considerations 
quoted above, we find example u which embody features of both classifications. For 
instance, when a small atnount of steam is used at the low temperatures here con¬ 
sidered, it liaij been previously seen that decomposition of the steam by carbon ia 
almost negligible, and the action of the steam is probably mechanical, not only 
in sweeping away the vapours of carbonisation, but at the same time in assisting 
the distribution of heat by convection. The fact, therefore, that an externally heated 
retort is steamed brings it partially- within that group associated with internal 
heating. > 

CLASSIFICATION By METHOD OF WORKING 

* * 

Having arrived ,at a basis of classification on the broadest lines, it is obvious 
that Inany subdivisions n>vy*be made within these two gro$|)8.« One of the moat 
important of these is whether the process is continuous or, discontinuous in aft ion. 

dTlie advantages of a continuous‘met hod of working are r— * 

1 * . , » 

• (a) Conservation of labouf and lnr.it, 

' ' f 4 • 

(b) A tendency to increased life in the retort, owujg to constant temperature 
conditions being maintained in the various parts of tl)e apparatus. p 
On the oilier hand, it may be difficult to recommence operations in tho 
event of an intejruption or breakdown. 

a * 1 

The advantages of an iuternuttent process arc :-w* 

(o) Mechanical arrangements may sometimes be%in?piifigd„ 

(b) Examination of the interior of the apparatfts*i» simplified. 

(c) Th* chh^e is under more direct cdhtrdl. 
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In comparing these two systems it is significant 1o note that only about 10 per 
cent of the processes e.^ammed art; intermittent in their working. In gasworks, 
however, the intermittent horizontal retort is extremely popular. 

k 

OTHER , METHODS OF CLASSIFICATION 
^ Other methods of elassifUation which naturally suggest themselves are, accord¬ 
ing th 1 the position of the retort axor, vertical, horizontal and inclined, according 
to whether the retort moves or not, according to the material of the retort, and 
many others, These, however, while useful for descriptive purposes, do not call 
for any special comment. „ « «■ 



CHAPTER XVIII 


A DISCUSSION OF S&ME DIFFICULTIES ENCOUNTERED 
IN LOW TEMPERATURE CARBONISATION 

A. RETORT MATERIALS 

t 

MATERIALS USED IN THE GAS-MAKIN& INDUSTRY 

In all processes involving the application of heat, it is-necessary to devoj* 
careful attention to the material through whicUthe heat is passed from Jhe heating 
agent to the materia) undhr treatment. In tile,earliest gas-making processes it was 
customary to use retortB made of eaSt iron. Murdoch (in 1792, at Redruth), who 
was t£c founders* the gas-ma'-ing industry, first mar ifactured gas in a cylindrical 
iron pot, closed by an iron lid, and set over an open firis. Difficulty was encoun¬ 
tered in discharging this retort, and at the beginning of the 19th century Murdoch 
adopted for his larger experimental work a horizontal iron retort of cylindrical 
form, which solved sorift of the difficulties in this direction, since the charge could 
.be raked out after carbonisation These retorts were small in size, the maximum, 
at this period measuring about 20 inches diameter by 7 feet in length. 

Murdoch, whose first experiments were carried out at very low temperatures, 
mode an early ‘discovery that it was necessary to adopt higher temperatures if an 
increased gas yield was to bi obtained. The difficulties attendant upon the car¬ 
bonisation of large masses of coal were also soon apparent, and attempts had to 
be made to overcome these disadvantages. At length the fact was recognised that, 
at thftow temperatures employed at that time, it was essential to carboyixe the coal 
in thiavlayeis. Although this principle was well recognised in the early days of 
the gas industry, it is interesting to note that* many of ( the inventors, who havo 
since 1906 turned their attention to low temperaturfl carbonisation, have failed 
to utilise the experience gained us early as the first half of the last century. 

Following the progress of tjhe gas-waking industry, we find that^by the middle 
of tjp 19th century, the practice of rufnufacture was confined to the use of retorts 
if oval or Q -shaped section. 

• The development of the ordinary process of gas-making has, since its inception, 
followed ,the line of obtaihing fbe greatsst possible quantity of gas of suitable 
illuminating or calorific value, produced by means of increases of temperature. In 
t thc garlier retorts it was impossible to use temperatures hi excess of gf.!U C., and 
even then the deterioration of the material proved so rapid that the life of the^ 
retort extended only over a few t months. Growth bf vssb irdn, even at lower 
temperatures than those opoted above, was very serious. It is only of late years 
that scientific research has been the means of explaining this phenameiyin, which 
has been for many years a familiar difficulty in certain industries. Afr ^ejuperatufts 
cxceedihg '6^0° C., unless greq[t care is taken*in the Selection of the metal, it is* 

S39 
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possible lor a east iron twelve-foot retort to increa^fi several inches in length within 
a comparatively short t^me. 

The troubles attending the use of metal retorts at the higher temperatures led 
the gas industry to experiment upor retorts made of fireclay,* »nd these came into 
common use about 1850, their jection, being much the same as those of the 
earlier cast iron retorts. After the inevitable troubles associated with such a 
r^cal change in material had been overcome it was possible for th<f gas industry 
to increase, the temperatures to ft ’much greater degree. These temperatures at 
the present time average from 1200 5 C. to 1300° C., and ft is interesting to note in 
passing that the successful use of refractory r materia Is at these temperatures has 
only been rendered possible by the application of .c lent inn knowledge regarding 
such factors as their melting and softening points, thermal expansion, both per¬ 
manent and temporary, and other details. 

It has sometimes been suggested by those who are not fully conversant with 
the subject, that^all that is necessary in securing effectively the low temperature 
carbonisation of coal is to retuni to the practice cf the early part of last century. 
A very brief consideration of the question, however, proves the fallacy of this 
proposal. It is true that the temperatures utilised in common practice at that 
time were only to a small degree in excess of those likely to give the most favourable 
results in a process which aims not at gas production, but at the production of the 
greatest quantity of oil, in addition to a coke containing some 8 to 10 per cent of 
volatile matter. At the time when metal retorts were in general use in the gas- 
making industry, coal and labour were alike cheap, and the prices obtainable for 
gas were relatively in excess of those commercially possible to-day. Afi-r.^jgh it 
is possible to utilise the “xperiences which have been gained by the gas industry, 
it would be absolutely impracticable under modem conditions to establish 
an industry capable of carbonifing the tens of million 0 of tons of coal at present 
used in the raw state by merely setting back tie clock of progress in the gas industry 
by half l century or more. On the contrary, success in this national problem can 
only be brought about as the rer.xlt of careful study of the whole matter, by reasoned 
qudgimnt, and by experimental work based on the partial successes and failures of 
the past. * * 

i -V 

<. ADVANTAGES OF METAL RETORTS 

In the- design of any form of retort or oven, one of ':he first questions to be 
determined is whether to- adopt nuetal or refractory material for the actual walls 
through which the heat has to make its w r ay. Both materials present certain 
advantages and disadvantager ; and, in the case of carbonisation at about 600° C., 
neither poss^Bies properties which would rule it kut, as would be tho case were* 
‘metal proposed for higk temperature wo. k. 
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One advantage of a metal retort lies in*its high coefficient of conductivity for 

heat. This advantage is accentuated by the facif that the ^alls may be kept down 
to a minimum thickness. Another point of superiority which the metal retort 
possesses overifchat made of refractory material is the ease^ with which it may be 
made %nd kept gastight. Leaks are not Jikejy tjn develop, and, even should some 
failure of the joints ultimately occur, the escape of gas’, either in the inward or 
outward direction, will probably fo*small. The leaks'can'disc be repaired weft 
comparative case during a periodical overhaul.• 

il 0 

CAST IitON RETORTS 

Imthc case of cast iron, one of the difficulties which f may presen 
possibility of growth at the temperatures used, especially in the presence of super¬ 
heated steam. The distortions to the setting, which are serious if not properly 
provided for, can bo induced to a minimum by allowing means for the changing 
levels of points in the retort to adapt themselves to the levels of the suyound- 
'ing brickwork. The present-day knowledge of the properties of cast iron is 
also much greater than th&t of the middle of the last century, and mixtures can 
now be provided in which growth is reduced to a minimum. In a paper by Rugan 
and Carpenter, 1 before the Iron and Steel Institute in 1909, the problem is taken 
up in a comprehensive manner. Engineers and others interested in the use of 
metal which is required to withstand high temperatures, will find this paper a 
vcritafcjc mine of information. In a further paper by Prof. Carpenter, 8 read liefore 
the Staffordshire Iron and Steel Institute, a summary is given of the stale of know¬ 
ledge prSfctically as it Exists at the present time, and the authors cannot do better 
than quote Prof. Carpenter’s own words as follows :— ( • 

The chiei sinner in the swelling uf grey irons on heating; whether at high 
or low temperatures, in fur or furnace gases or superheated stejsi, is unques¬ 
tionably silicon, present not as si’ch, but as dissolved irpn silickle in iJie main 
( bulk" of the iron. But this silieidc can exert nq influence whatever hi producing 
•growth by separation as silica and ihai oxide, unless graphite is present, vjliich. , 
on hqating the iron, aSows oxidising* gases tt» penetrate 1 i’*to and gradually 
r.ttack the metal chemically. Without graphite silicon is absolutely imyicuoufr” 

• Ptom his experiments Prof. Carpenter draws certain conclusions •which mav 
he summarised as follows': — • 

* , , 

(1) Any grey cast iron, jf heated either repeatedly* or for prolonged periods, 

1 Rugan and Car pen Ot. “ Tho ‘ Growth' o( Cast Iron after repputoil Healinga.U Joiyn.oj ■ 
fron and SUtl I90S, g, 29. « , *♦ 1 , 

1 Caaportar, Prof- H. C. H. “IVther Notes qn Cast Iron (JrowtW” StatfiMshire. Ir on and , 
fifed Imrfttuff*]|ec.r(t 1 Ota, * ' * .. 
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either in superheated steam above 260° C. tr in air or furnace gases above 
650° C., will sw<T and eventually crack. 

(2) The amount of growth willdepend on the chemical composition and con¬ 
stitution of theorem and may be expected to be least-Tor low silicon cold 
blast Staffordshire iron, and,mo.st for high silicon hot billet irons. ' 

^ The solution of the .growth difficulty put forward by Carpenter is,that no iron 
containing free carbon should be. used ; and, further, that even when an iron 
contains no*free carbon, it should liot deposit it on repeat jd or prolonged heating. 
Campion and Donaldson* record experiments upon the changes of volume. 



Fio. SO.— Theoretical Expansion C’Rve or Steel 
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weight and strength of cast 1 iron after repeated heatings to SSO 1 ' C. They found 
that the experiments* at 450° C. On the changes of volume due to alternate ht-atings 
and coolings ’gave eristic results with no tendency "to change in any particular 
direction'. Heating up to 550° C., however; caused a growth which continued 
after fifty-five heatings. The" eifength of the iron was r also seriously reduced 
'oy this treatment. Experiments on the tensile strength of cast iron at various 
temperatures reveillei a ricll-defined maximum strength at a temperature of about 
405° C., the Bttengthf ailing very rapidly at higher temperatures. 

The growth of cast iron at high temperatures may be illustrated in another 
way. It is well known that C DO-1000° Cl is a critical rshge for the expansion of 
iron and steel. Between tljese temperatures the steel contracts during heating 
over a certain range and expands during cooling over another range. The theoretical 
.expansion- curve of. sf^el Tor 1 a range 600-000° C^. during heating and cooling is 

1 Campion and Donaldson. “ Some Influences of Low Temperature on the Strength rid other 
Piopertica ol Cast Iron.” Tijm. ln*t. of Brttivh Foundrymtn, J jie, 1922. 
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illustrated in Pig. 50. The expansion curve’for cast iron is, however, very different. 
Experiments made by Souder and Hiduert 1 on a specifier! of cast iron which 
contained 3-08 per cent carbon and 1G8 per cjnt silicon gave an expansion curve 
which is sbovyi in 51. The difference between the heating and cooling portions 
of tlfc curve iB in tffls case almost entirely duetto the gtowth of cast iron at high 
temperatures. It is seen that the growth becomes marked at temperatures of 
about 600° 0. and upwards., Souder and Hidnert givo*tho coefficient of exp^-eiSn 



fm. 51 .—Exfaksios and Growth Curve for Cast Iros 

(SOULSI! AM) JllDNEKT). 

for cast iron between 25” and 30b° C. as 1 Vti x 10 lfl , hut stijte that the values 
found jit high temperatures must be considered a;; approximate July, as doubtless 
they contain a percentage 01 growth in addition to expansion, , * • 

Ip his paper to the Iron and Sf,cM Institute in May, >1011, Prof. Carpenter* 
<gives the following approximate composition of,r» east iron m whicH the growth 
ih*likely to be a minimum :— * 

. 1 * • Per cilit. , , 

Carbon . . , 2'25-2-n (no free cjrbon) 

Siliciji . * . 0-5-0-6 

Manganese . . about 1*5 

« 

A fuither valuable property of this materia) is tlj^t re^atecl, heating substan¬ 
tially improves its tenacit’»and probably its ductility also. It should, however, be 

| l * 

1 1 Souder and Hidnert. “ Thermal^ExpMiflion of & few Jftperflo. 4&UU.S.A, Buroafl o? 

Standards. 1 ** _ , 1 * ' * • 

1 Ckrpolfyr, If. C, H. “ The Growth of Cant Iron,”* Jotim. of I rot A and Steeljftwl,, 
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initially heated very carefully on account of its liability to crack during the early 
heats. \*~ 

In deciding whether or not to adopt cast iron for the retort material in a low 
temperature process, it will be seen that, bo long as 650° C. ia Jbt exoseded, trouble 
from growth iB not likely to be sciJou* if 'care be taken to ensure compliance ‘Along 
the broad lines whicji have been determined by Carpenter. The main difficulty 
in doing this, however, at the present time is that o f ensuring that any specified 
mixture issactually used, couplec! with the reluctance shown, by ironfoundeTS in 
accepting orders to specifications su :h as t^hesc, Which differ from their usual 
practice. This difficulty, however, while a very real one in the execution of experi¬ 
mental work on carbonisation to-day, will undoubtedly disappear when such 
retorts are required in large quantities, and attractive orders can be offered to the 
makers of castings. In the case of some large cast iron retorts recently erected 
at H.M. Fuel Research Station for carbonisation at 600° C., a suitable material was 
obtained by placing the order with a foundry firm who were accustomed to supply 
similar retorts for the Scottish shale industry. 

The advantage which cast iron presents over mild steel for retorts is its greater 
rigidity at the working temperatures and its greater resistance to .influences of a 
corrosive nature. The fact that it can be cast and therefore reproduced iu quantity 
with a minimum of labour is also of importance, 

MILD STEEL RETORTS 

* 

In some' cases retorts have been made from mijd stec.l. This material was not 
available to the pioneers of the ga* industry, so that no data arc at hand gained 
from their experience. Provided the temperature is not too high, mild steel offers 
many advantages, 0 It does not possess the property.of growth, but on the contrary 
cop tracts slight^ after repeated heatings. Moreov; t, retorts of varying shape 
can be put together With case although flu; labour cost of manufacture is usually 
higher than;that of cast iron, when once the pattern has b e( ' n constructed, ofring 
. to the many joints which must? he made. In a^slightly oxidising or reducing 
atmosphere* mild ft eel offers* cor siderabfe resistar.ee to,, corrosion. An interesting 
example of this is given in the accompanying photograph (Fig. 62) of one of the 
horizontal rctflrts at ,H,M. Fuel Research Station. This retort was removed from 
the settipg'after having been under heat more or less continuously for eighteen' 
'months." No tract? of scaling or corrosion caft be detected, and the retort appears 
to be in exactly* the same ♦conditibn as when it" was first installed. Some of the 
remaining retqrts have, at thd time of writing, been in almost daily use for some 
’’thre# yeaVs, and although a close examination, such as coufd he made in the case 
i of the retort illustrated, is impossible, fhey do not .appear to have suffered in the 
slightest degreo. , ' ' 
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One of the most serious disadvantage^ attending use of mild steel is its 
liability to^often if a working temperature of 600° C. is Acceded. This softening 
occurs sonSewhat suddenly, and necessitates,the careml watching of the heat; 
but since efficienfiramperature control is Accessory in #ny modern carbonising 
plarit, such a disadvantage can readily be oirerdmie. lMfld steel shares many of the 
advantages attending the use of cast iron, since retorts oMhis material can be made 
tight with ease in thk first instance, and can be iflaintained ift that condition 
without much difficult A * , 

The foregoing remarks 611 the suitability of mild steel for low temperature 
retorts only aj>ply when the material is not subjected to heavy stresses. At the 
temperatures usually Employed the clastic, limit of the material is low, and, more¬ 
over, the metal is liable to a continuous creep with 'time under load at stresses 
much below those,usually quoted for the yield point at any given temperature 
when tested in the.usual mftnncr in a testing machine. Difficulties, therefore, may 
iiWse in cases where it is desirable to maintain accurate registration in the, working 
• parts under full beat, especially when it is necessary to use comparatively high 
stresses (say above tw<f tons per square inch). This fact accounts for many of 
the difficulties which have in the past been experienced in the classes of apparatus 
where the coal is mechanically propelled through the retort by a chain conveyor 
or other similar device, and Las often led to the abandonment of the method. 


* * ALLOY STEEL AND ALLOY CAST IRON RETORT^ 

SCi>7» of the difficulties attending the use of steel for carbonising machines 
could be overcome by the adoption of steels alloyed with dementi such as nickel, 
chromium, or tjfbg^ten. Alloy steels of this description have been extensively 
utilised for the valveB of motor and'aeroplane erfgines and for <nany njjrer appli¬ 
cations where the conditions are evAi worse than those which arodlkely wPlJtam 
in low temperature carbonising machines. These metals Are, however, dxpensTVef 
'both in*their production and»in the ^difficulty (vBidi is frequently experienced in 
their machining. In common jvith many other engineering problems, thfc com¬ 
mercial* solution of low* temperature carbonisation w<Rild in? greatly facilitated 
were it possible to produce at a pdcc little greater than that'of miy ske%I, «*meta! 

■ which would maintain a good degree of rigidity at temperatures in the rwilshbourhood 
of 750° C. 

In this connexion rroiessor carpenter hasoauggeg^d t<? the authors the possi¬ 
bility of" using an alloy cast iron, as, lor example, a cast iron containing a small 
percentage of chromium. Ther^ is some reason to tfflnS th^t, amoSgst *uch $iloy% 
’ one or inpre may be found jvhich are equally satisfactory,frdm th> standpoint of 
growth, btk aiS l^ss brittle tlian the cast irfln wffiosc composition is given 011 page 24^ 
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and which have an increased strength at high temperatures. From a manufacturing 
standpoint, a further adjutage, of a chromium cast iron at least, would ^e that such 
an alloy could be produced from a chromiferous iron, possibly * /ithout tne necessity 
of adding an alloying clement. u / 

The above suggestion is, however, tentative only; but there are good grounds 
for belief that research (his direction is likely to lead to useful industrial results. 

t 

* 

FIRECLAY AND REFRACTORY MATERIALS 
As has already been pointed out, the use of refractory materials for retorts 
has long been universal in gasworks. The condition^ are, however, very diffo-ent 
from those of low' temperature carbonisation, since the temperatures used in the 
former arc almost double those of the latter. The use of refractories, however, 
presents some attraction to the designer of low tempcr&ture retorts. He is working 
his apparatus at temperatures which cannot have much efleet upon the settings, 
his margins for safety are higher and, although in general his retorts are likely to 
be more expensive than similar retorts of cafet iron, thcle is no necessity for his 
embarking upon the use of the high-class and expensive materials which arc essential 
when temperatures of 1200-1300° C. are used. Against this must be set the com¬ 
parative lack of conductivity of the material, neeessitating the use of higher flue 
temperatures. Another disadvantage lies in the comparative ease with which a 
fireclay retort may be damaged by heavy or careless poking. The fireclay retort 
also is a more delicate structure than one of cast iron, and one which is 
essentially much more prone to develop leaks. The qucstio.i of leakage one of 
extreme importance in low temperature car non Nation. In high temperature w-ork 
the yields of gas pir ton are at least four times those obtainable in the subject 
under consideration. Again, low temperature gas, although small in volume per 
ton v iS' very high in calorific value. It follows, therefore, that a small amount of 
leakage is proportionately more serious and b as under control in low temperature 
work than in' high temperature'work. Another gra”e difficulty attending the use 
of leafing retorts lies in the maintenance of uniform heating. If a slight vacuum 
be put on the retort, there will be danger of the leakage of flue gas into the retort 
from • the flues increasing the inert gases and increasing the volume to be dealt 
with by the •'.ondensers and scrubbers, these factors bulking seriously o.ving to the 
small voluble per ton of the gas made. If a balanced pressure or a positive pressure 
be used, there is great danger of rrh gas escaping into the flues, and being burnt 
there. This may he the cause of serious local overheating, but perhaps a more 
jindesirabl' 1 feature is ,tliat th is condition causes tile operator to lose control of 
the temperftuics. One ot the authors has actually seen retorts at work when the 
'leakage outwards has bean so serious as to necessitate the almost compl'te shutting 
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oS of the heating gas from certain of the combustion chambers, It is obvious that 
such a state of thirds may bcc’ome a grave source of danger in the operation of the 
plant, ancjjfthat t.hit question of leakage must, he seriously faced by the designer if 
success in low temjwaturo carbonisation is to ‘be attained. 

Before lor ng ijyis question of leakage it pnay be well to consider briefly one 
argument always brought forward by advocates •Kpefractory retorts for low 
temperature carbonisation,. viz. tlje tendency of Icftkago’-lft rcryedy itself ov*ng 
to deposit of carbonaceous materials in the jracks. Wliilc this is undoubtedly the 
case in high temperature practice, it only occults in a very minor degree—if at all- 
in retorts worked on a low temperature system. In the Scottish shale industry 
it is a well redt>gniscd«fact that leakage docs not tend to cure itself in the manner 
described. This is probably due to the different navurc of the oils obtained. 

• ■> 

CHOICE OF METAL OR FIRECLAY RETORTS 
The above considerations , present some of the more important factors which 
have to be faced at thg outset in the design of a low temperature plant. While 
it would be inadvisable to form too strong an opinion a« to the relative merits of 
metal or fireclay retorts without much more experience than is available at the 
present time, it appears tiJ the authors that a considerable balance of advantage 
lies with the metal retort, and that those manufactured of a suitable mixture 
of non-growing cast iron are likely to prove the most successful and also the most 
reTiaiMe. Retorts of steel are also good, but, as lias been emphasised above, there 
is o<ri J^of damage overheating, with consequent distortion and sagging, should ^ 
the temperatures get out of controLfrom carelessness or any oilier cause. The 
authors entircljt.fail to sec that any advantage has keen obtained by the adoption 
in certain eases of "refractories as the material for retorts, while unfurtunately the 
disadvantages have frequently been, ordy too obvious, * . * 

The above considerations are mSinly based on the type of apparatus footed 
ironr^ie outside, when the whole of the*heat; necessary foj carbonisation has to 
pass through the walk. WEctc intVrmd heating is used, the conditions^may ha 
ditfereyt. We arc no V.Vigor faced with the difficult}* of mussing heat througli a 
great thickness of ^refractory memorial, and it may quite wall happen |liat a rform 
of^retort built of brekwork with a fireclay lining will prove the most suitaClc. In 
this direction, hosvcveri generalisation k impossible; a contrast miglfi, he made, for 
exampk, of two processes, both involving the same prfiic: pic, viz .•carbonisation by Ifot 
gases. In one of these—tluJUaelaurin retort—the heat Is generated by partial combus¬ 
tion in the lower layers of fuel in a retort of the producer type, and carbonisation is 
effected by the hot gases froiiL the lotver zones passing tfljqiigh cj grfiit tlfickn&s 
of fuel 6^d, with the resufy that-the upper layers* of fjfel are distilled at a lqw 
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temperature. For this process Maclaivrin adopts k retort or producer, built of 
brickwork, and lined \^ith refractory material, this probably forming the best 
method in this particular’case. In the Nielsen retort, on the yther hai^i, in which 
exactly the same principle is used, the hot gas is obtained from# separate producer. 
This hot gas is passed through a long horizontal rotating cj'iif-ider, through which 
the coal travels in the rejrjese direction. In the latter case, it is obvious that a 
ccr nplcte firebrick artangemmt would be impossible, and that it is essential for 
the shell of the horizontal cylinder to 'he composed of metal 

. C ’ 

B. HEAT TRANSFER FROM HEATING MEDIUM TO. MATERIAL 

iUNDER TREATMENT 

FLOW OF HEAT THROUGH RETORT WALLS 

r 

In all types of retort used for carbonisation purposes, it has long been^a 
matter of considerable doubt as to what is the teyiperature at various points in 
the charge when a constant and known temperature is,maintained in the gases 
present in the heating chambers, and also what amount of heat can bo transferred 
from the gases which form the heating medium to the material under treatment, 
when both are at known temperatures. The problem is one of extreme complexity, 
and presents itself in many other directions, such as heat loss from the walls of 
buildings and the transfer of heat through boiler plates. 

In supplying heat through a retort wall it is firet necessary to transfer the 
, heat from the gases in the heating or combustion flues to the outer surfa,^ sf the 
retort wall, then to pass the heat thvough the retort material to the inner surface 
and from thence to transfer the heat *o the coal which may be lying more or less 
in contact with it, Or at some distance away, in which case the heat has to be-again 
tranafcwm to *he coal by conduction, radiation and.jconvection through the gases 
nrxsent in. the rt*.ort. 0 

The ordinary methods for the determination of the coefficients of conductivity 
ofor different materials depend on maintaining the two surfaces of a test piece under 
constant and. known ^.temperature conditions. Such coefficients are not intended 
to talje into account <the temperature difference^ between the heating and cooling 
agents andfthe’surfacis with which they are in contact which are necessary, to 
ensure a given heat transfer. Jn the absence of much additional information, 
therefore, Bitch coefficients-do' not afford any exact data as to the amount* of heat 
per square foot of heating surface which will flow from, the heating source to the 
material under-treatment. ■ Eroad generalisations may be piade, however, such 
aa the fact that the fttmjieraturs difference necessary will be very much less when ■ 
Hie wall is thin and hAp a high coefficient o«-conductivity than wdl fee the case 
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when the wall is thick and is rryide lrom a material of low conductivity. In certain 
isolated cases, however, useful working data have been dedrntd from works operations 
for the oveatll coefficient of heat transfer through firebrick walls. Sir George Beilby, 
from ^xperinqpnte >;tnhe lower temperatures determined tjie figure of 11-7 B.Th.U. 
per hour for each Vtfgree Centigrade o' ttynpfcratiuw difierence between heating 
and cooling materials at the two sides of the briclf Vko, .temperature difference 
being of the order oi 200^300° C, Lewes , 1 on the 1 other hand,* was of opinibn 
that , 11 at the ordinary working temperature »f'a retort under gasworks conditions, 
the amount of heat transmitted approximates to 25 B.Th.U. per square foot of 
surface for each 1° C. difference in the temperature of the outer and inner surface 
of the retort, rih.l thft*this it not seriously affected by the thickness of the fireclay, 
as conduction ifs so slow with a retort three inches thick that it is probably only 
the internal portion that is cooled to any great degree when a fresh charge is fed 
into a properly heated reteftt, and the mass of fireclay acts as a store of heat, 
^Mhat the heat has ofcly a short travel.” . 

• The differences in such typical figures as are quoted above are easily accounted 

for by variations in sucl^factois as surface conditions, including degree of exposure 
to convective effects of gas currents. The amount of contained air is also well 
known to affect the apparent conductivity of any material. The degree to which 
this air is free to travel about within the substance, or, in other words, its perme¬ 
ability, must also affect the experimental figures to a marked degree. There are 
also wide variations due to the material itself. In general, fireclay bricks possess 
a higher coefficient of apparent conductivity than does silica. Again,»it is affected 
by fiib- 4 emperatuje of burning, the higher temperature contributing to higher * 
coefficients. Lewes quotee foT an, ordinary fireclay burpt at 10501C. a coefficient 
of conductivity ^f J -07, which increased U) 1-81 with a temperature of 1300° C. 
Hg alft) points out that this explams*wliy an old retort will $ve,hcttcr carbonising 
results than a new one, provided it is-Round. . ■ • ’ 

Other general results of invest Rations on the thermal conductivity of 

'refracTDty materials m‘ay be thus sununarised :-«■ " * 

(1) The thermal conductivity of silica and.finfcla^ materials ilicrcaaA with 

the temperature, but that of magnesite bricks decreases. * , 

(2) The thermal* conductivity silica and fireclay materials, a!‘hou$h Varying 

• * with different compositions, is very similar, that of fireclay be in* Jhe greater. 

The thermal conductivity magnesite is Ipfdoximatcly twice tfiiat of fir*?- 
clay, and that of carborundum at least five times that of fireclay. 

' I , 

When metal is u$ed for the retort wall, 6 ome the uncertainties associated 

• with'the transfer of heat disapflear. The thermal co/idifciivity of a quits 1 is'nftmy 

1 I . • * 

^ 1 Lew*&, Vivijn, TN&VarbolftMtitin of Coal, (Bern Br «* x 
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times greater than that, of any refractory materia^ and it ib ako possible to work 
with a much smaller thickness. These two factors working together make it 
inconceivable that the interior of the retort wall should be rno^e than a^few degrees 
less in temperature than the outside; and the heat transfer fir--therefore governed 
almost entirely by the rapidity with which the heat can M ‘(ipplied to the“«outer 
surface by the flue gjq.w^'tatd abstracted from the inner surface of the metal by 
the charge undergoing'carbonisation. The thermal conductivity of the metak is 
well known for temperatures not gfertly in excess of atmo' pheric. 

The variation in the thermal conductivity of iron at the higher temperatures 
is, however, somewhat uncertain. Most of the observations taken by experimenters 
do not cover wide temperature ranges. Jaeger and LicRselhnrst 1 Observed a slight 
fall in the conductivity of “pure iron from 0-161 to 0-151 as the temperature rose 
from 18°C. to 100° C. At temperatures between 54° C. and 102°,C. Callendar s found 
a slight fall in the conductivity of cast iron from 0-111 to 0-112, Experiments on 
the thermal conductivity of cast iron are described in the Physical Review, Mawh, 
1922. It is stated that, between 197° C. and 545° C:>, the thermal conductivity rose 
from 0-0718 to 0-2050. It must be remarked, however, that the value at 197° C. 
appears to be very low, and the variation over the range of temperature large. 

Such then arc some of the difficulties which beset the designer who wishes to 
obtain figures for heat transfer in the complex process under review. These 
difficulties are intensified when the heat transmission through the mass of coal 
itself is considered. The transmission may, and k indeed likely to vary widely, 
according tc the size of coal, the grading of size of coal, the behaviour of Coal on 
carbonisation, whether the conditions and character t»f the cord tend to the f'rnution 
of sticky mass* s, foaming, etc.; arid, although a certain amount is known about 


the heat transmiss-on at higii temperatures, much further experience and scientific 
investigaljon is ygt required of'the phenomena of overall heat transmission'at the 
tcrrjf o/atures •u-vually proposed for low temperature -arbonkation. 


r t. CHARGING and, DISCHARGING 

Of the many difficulties which beset^ the ear.'ier w?ij:k«T8 in low temperature 
carbonisation and vfyiich in many cases are by no means yet overcome, 'the easy 
charging and discharging of the retort is one pi the mast important. In the case 
of the coqLs of low- coking power the material may he passed with ease through • 
‘many forhm of retort. Ip this case, howevc., another‘difficulty usually presents 
itself, in that thevoke is generally iki the form of Drceze, owing to the lack of proper 
cohesion, whicji, while making for easy retorting, does not endow the coke with 
-sufficient strength to.withstand the pressures and. blows associated with its .move-^ 

1 Jaeger and DieaselLorat. JV i&sauzkiftL pkys*-tcWi. fteichtanol, 1900, &*26C. 

* Calendar, Phil. Mug., 1899, (v), 48, 619. 
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ments both in the retort and the disclfbrgipg operation., Even in cases where 
the piecee of coke 'are of the same form and size as the corresponding pieces of 
coal charged, the upke does not usually possess sufficient strength to form a 
marketable product* without further treatment, such as briquetting, with a small 
amoffnt of pitch. THis fact is well established b^thc exge’ricnco of Sir George Beilby 
with the Maryhill retort, already described on page Rw. . ~ t 

It will be seen Also fkom the parallel experience of tile Scottish shale oil industry, 
that there is no particular difficulty in pasjdng a non-caking material through a 
report of simple charactel; and it is significant to note that inquiry into the results 
presented by some enthusiastic inventors when first bringing their appliances 
before the public, shm# that*they frequently base their claims upon tests executed 
on shales or non-caking coals. Little is said as to the results when a wider 
variety of coals is utilised. 

The difficulties in,work/hg associated with caking coals usually resolve thcin- 
aStas into two forms : firstly, the trouble caused by the passing of the coal.through 
■ a fusible stage, with the resultant agglomeration of the material into pasty masses, 
tending to adhere to tlnfsurroimdmEf retort walls, and secondly, the effects due to 
the so-called expansion of the coal on carbonisation. It has already been pointed 
out that this expansion or increase in bulk of the carbonised moss is due to the 
size of the bubbles which arc blown in the fused material by the gas given off by 
its decomposition. The effect of treatment on the formation of different types 
of fribble structure is a matter about-which further experimental work is desirable. 
The subject is of fundamental importance in many branches of the Carbonisation 
, indtfttriw, affecting makera of blast-furnace coke find others with whom we arc 4 
not concerned in the present volume.’ It is, "however, evident thit the fusibility 
of a coal may affect, a retorting plant ill twd ways, the first difficulty is that the 
werkiig parts become clogged and gTunmed up, filter which’ when cota^gis com¬ 
plete, the whole apparatus is*reducet^ to much the same slate as fe'piece oWrro " 
concrete, the coke representing the concrete, and the worm* 01 other metffl workmg* 

• retort, tlie iron veinforeement. T|ie‘advocates*of methods utilising 
worms apparently held thp opiipon at first that all liiat was necessaty in c#dor to 
feed a flasty mass through a tube was Sufficient power!together with a sufficient 
strength in the working parts. ^Unfortunately, owing to tfie sufycquftit* tolling 

> of the plastic mass,*this did not \ork in practice, and pilots withw^ch devices 
frequently stopped completely ufter#wnfking for affey hours. 

The ffithcr difficulty associated with attempts to, caitfonisc, a caking coal is 
exemplified 'by the earlier^fexperienecs with the Parker process. Here coal was 
carbppised in 0 retort bench consisting of vertical iroffru Sedated from the eitfcriot. 

* The “ expansion ” of the carbonised mass caused tltemiaierjal to weflgo itself firmly 
against tl* vTItlLs of the tubes anrttuijft labour hall to»bc exerted before suefi 
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retorts could be discharged. Replacing the tube? with others having a greater 
taper only results in slightly easing the process of discharge, but dbes not solve 
the difficulty. A number of expensive failures in the past qtay be traced to this 
cause. Indeed, cases a^e known where actual rupture of thicutort walls and the 
consequent wrecking of the plant Jfave occurred. * 1 * 

It will be well at this sfege to pass in review some ol the methods which have 
bSen Suggested from time t& time for overcoming the two ^kpes of difficulty, which 
arc closely .interrelated, although fo^ purposes of convenjpncc each are considered 
separately. * t 

In the type of retort in which a screw conveyor is used to propel the carbonising 
mass through a metal tube, acting as the retort propel', the difficutajPfirst mentioned 
appears. As long as non-caking coals are used, the material progresses as the screw 
is rotated. When caking coals are used, however, there is a mne of temperature 
during which the material gets into a more or less pasty condition, and tends to 
stick to the screw thread. If this should happen, the material rotates with 4flie 
thread, and does not progress along the retort. in consequence the material 
between that point and the point of entry is held up. Ikirthermore, the resulting 
increase in the frictional resistances requires an augmented power to keep the 
conveyor rotating. 

Various scraping devices have been suggested to obviate this difficulty, of which 
a double screw is perhaps the most typical. In this case, the screws have the same 
hand and equal pitches, but rotate at the same speed. On a closer examination, 
however, it is found that two screws under these conditions do not have'a true 
scraping action. Since each thread must contain’an amount. of mater*al Which 
will ensure an^apprcciable throughput for 1 the retort, there must be a relatively 
large difference between the diameteie of the screw at the crest) and root of the 
thread. 'That is to say, the thread angle iit the crest is considerably lesa than 
the*^2read Angle at . the root. Although it vsould appear, from a cross- 
u«.ction drawn with the two threads in this position, that intimate contact occurs 
throughout the thread faces, fhe'serews could not*be placed in this petition on 
account of the interference of one thread with another in the planes adjoining tile 
axial plane. ■ A double thread is therefore no solution to this particular problem, 
since«t*ie q»sty mass would eventually stick to*both screws, .and the throughput 
still be hetafiip. 

, It should be noticed in passing that, in the Marshallriiaston process described 
on page 227, in yrhich a double conveyor of this type is utilised, a claim for a 
scraping action is not made by, the inventors. In this case the screws are utilised 
Jo control phe speed of, the material through the retort, and the claim is made that 
highly bituminous coal,in the sticky stage will be wiped forwards and downwards 
oy the relative motiontf the screws.' *~ J ‘ ' - 
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Before leaving the subject ^ foaming tfhd <ptpansion of fysible coals, it will be 
of interest to draw 1 attention to a method for overcoming this suggested by Mr. 
Harold Hire, 1 in which an attempt is made to Reduce thl size of the bubble struc- 
ture |jy inserting a-fditably shaped bar dowrf the centre oi the charge in an inter¬ 
mittently worked vertical retort. This* baj kept -in* slow rotation during the 
carbonisation period. The idea underlying Mr. HircTlf invention is one Mich is 
well recognised, viz. tSe desirability of providing a f ree outlet for the gases fs 
soon as they are formedxmd at the same timc»ot preventing their coming in contaot 
with highly heated sur^ccs', or of their parsing through zones of temperature 
higher than those at which they were forjned. As the rod rotates in the centre of 
the«coal, it ensures thft a loose core is provided, through which the gases can pass 
with ease. Ab carbonisation proceeds, tins loose core ss gradually developed into 
a holt by thejtressing down of the loose material into the surrounding coal substance. 
Since carbonisation proceeds from the outside towards tho centre, the sticky 
aSftulus, in which the bubbles develop, moves gradually inwards in any^form of 

* externally heated intermit tent'apparatus. If the gases developed in the sticky 

annulus are not removal rapidly tilt structure will tend to be loose and open; 
that is to say, unless external pressure is placed on the coal, or an inert material 
provided, such as a non-coking coal or coke, in order to absorb the excess of the 
binding materia!. In the method mentioned it is possible that a much easier path 
for the escape! of the gas from the fused zone will be provided than is the case with 
imyiy other do vices which have from time to time been suggested or tried with 
the same object. • 

A method of providing a nWhanical feed through a horizontal tubular retort • • 
which appears to bo promising if tli!it of breaking tip; screw tlfvad up into a 
series of paddle^as.is done in the first stage of the Carbocoai process, described 
on pa§e 210. Hero agglomeration iifto unmanageable blocks is^prevcidsjd by the 
motion of the paddles, while i.*contintyus movement of tint material In the lWtkard 
direction is induced by the angle to»which the blade is set* In th'o Burfloy reieH« 

*a splia Aarew is provided, in vder to urge the ^ulfterial in ti!e forward direction, 
while a series of scrapers, whicj} taken together form Mat might h« termed tire * 
Bkeletorf of a screw, are arranged to keejf the mam screw clea« and pfcveut undue 
agglomeration. ■ » 

• $hher modifications of this prAciple are exemplified ifi the Fre#4u»n retort. 

Here we have a successfb* of heated arfhular shcl'Jfes^et one abovo thjVthcr in ^ 
cylindriAl vertical column. To ilny one shelf a feed pf coil is provided either at 
the ontside br inside of thiPannulus, according to.its position in the serial. The 
mat^pal'Undergoing carbonisation is caused to travel lb apincula? <lir^tion, by g 
series iptating scrapers. TJheae scrapers are set fft * shghj ahglc, #>«hhat a radial 

1 Hird, HJroId Ff^t. ?pcc. W I»i,525 (IS*2). 

» 
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component is given 1,0 the approximately circular, path. In this way the coal is 
gradually fed from one circumference of the annular shelf to the ■other 6pd then falls 
to the next shelf in the seizes. 

In the Fusion retort we find a horizontal tube which rotates. The material 
to be carbonised is fed into one end of the tube and extracted at the other.’ The 
retort ifi horizontal, and tlfe’ feeding principle depends purely upon the tumbling 
action of the cod due to thf rotation. When fusible coals ape used, an'arrangement 
‘ of star or cruciform bars is inserted.* These bars, as the retorts revolve, will turn 
over, and it is claimed that the chipping action caused by the bars as they- fall into 
contact with the retort shell, is quite sufficient, to prevent the coal from permanently 
adhering to the wall. fl • . '* 

The retorts discussed aji’ove are all of the type in which heat is passed into the 
material through the wall. In the internally heated “Sensible Heat” (Nielsen) 
retort, described on page 231, it will be seen that it is possible to use a coking coal, 
and that this coal passes along without any apparent difficulty, although agglomjs^- 
tion of the carbonised mass undoubtedly takes place, since a large proportion of 
the smokeless fuel, produced from a highly fusible coal, is of a size much greater 
than the slack from which it was made, besides being dense and fairly hard. The 
product also presents the appearance of having been balled'hp and rolled, in much 
the same way as a baker rolls a loaf of bread. The inVentor attributes the freedom 
of the retort from agglomeration and accumulation on the walla to the dry dust 
which iB passed in along with the hot producer gas used for carbonisation. It is, 
of course, possible that this dust acts in the same way as the dusting of flour, which 
< prevents the dough from adhering to the pasteboard in the ^waiogy quoted above. 

Let os now^tum to the other aspect of the question, viz. that concerning the 
so-called expansion of the finished product. This difficulty raantfests itself in the 
most serious form in those types of retort in which enclosed, or partially enclosed, 
chajV’httrs are* completely filled with the coal to*- be carbonised. It must be 
, r./rTembeted thdt some pressure during the p'astic stage is of advantage, since it 
tends to the reduction in size of 1 the bubble structure, and If provision is<icrade for* 
*■ the ea"y reloose of the product, it is likely to be denser and harder than if it were 
given comple te freedom to expand during the critical period. In the Barnsley 
rct&rtv described on" page 206, this end is accomplished by the provision of the 
collapsible fphates which run down the centre. <>f the retort. In the Pringle and 
Richards retort, which is of -tho type where a .scries of mtfolds is arranged along a 
conveyor, the latter pc.ssA .through the heated zone of the retort. With fusible 
coals, if the mould merely consisted of boxes attafehed^o a chain, very little of the 
joke paadq woifld he discharged from the boxes, even when they are completely 
inverted; in fact, it“is‘eitremtly doubtful whether any of the blocks would fall* 
'out. Richards overcomes the difficulty b/.king tne moulds as*-a part of the 

4 t 
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chain itself. Aa each block of qoke passes in its mould over the sprocket wheel at 

the diecharE^end of the conveyo*, the sides of the mould, wnich are roughly at right 
angles to the direction of motion, alter their relative atiglc to one another, with 
the result that the Carbonised block of coke is treed, and fejls into the coke hopper. 
The methods discuss gd above are all typical of those in which the so-called “ expan¬ 
sion ” is allowed to take place, and mechanism introditced in order to sethree the 
resultant product. It has ajready been shown, that tlfc expansiornof coke may he 
reduced £0 zero by blending in. suitable qualities a strongly swelling,with a non- ’ 
coking or contracting coM. Blending has been used for a great many years in the 
carbonising industries, particularly ffi coke oven practice. In the coke cakes made 
at 0.M. Fuel Itcsearejr Station's experimental setting, described on page 219, the 
mixture is adjusted 00 that there is a slight contraction when carbonisation is 
complete. 

The tborhtory ^psay method of Gray and King, developed at the Fuel Research 
Sbtlon, 1 provides a nteans for determining the most suitable proportions to give 
the desired 'result, a complete parallel having now been established between the 
assay and the large-seal* working, 'Bbis method of reducing the size of the bubble 
structure by blending is likely to bulk largely in any future carbonisation, since, if 
suitable coals are readily available, it provides a complete solution to one of the 
obstacles which baulked the* earlier investigators, and renders it possible to utilise 
retorts of a much simpler form, and which are consequently cheaper in capital 
cost, upkeep and labour. A similar purpose may be effected by partial oxidation 
or by the pre-heat treatment process of Illingworth, which modifies thejsweliing teu- 
tlen^ of,a coking corj. All those methods have their utility, but the process of 
blending, provided always that both*types *>f coal ai| availably presents con¬ 
siderable advantages from the national point of view* smcc it ^renders available a 
method for treating non-coking coals* which often contain a tonsiderajj|e quantity 
of valuable oil-forming constituents,* Blending also ofierg attractions to* erdliery 
owners, who sometimes find difficulty*in disposing of non-qpking slacks and smhUs % 

• at^tfifct*4han very low*prices., 

D. * DESIGN OF'COMBUSTION CHAmBEI? ANl) H HATING 
. ARRANGEMENTS 

The apparatus for bjirning the ntel a naed in heating the setting fifths a detail 
of the utmost importance in promoting the economy and tho efficient* forking of 
externally hjated retorts, yariops types of fu?ls^re Available, ranging from solid, 
liquid, to gaseous. Of these the last-named, howeygr, presents njore advantages 

* 1- fnel Research Board. Tech. Paper No. 1: 41 The Assay of (Jbal for^Carboiisation Purpcfcea: 

a new Labcfratoix Method. 11 Th'kj Cray, Ji-y ., PIi.Dy and J<w A 6. K4ng, F.I.C., AfR-T.C. (H,M| 
Stationery (face.) . - * * 
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than cither of the othe^ two. With a gasr fuel the utpiost flexibility can be obtained, 
and since the development of high temperatures ds' unnecessary use can be made 
of a fuel of low calorific ^alue, which can be cheaply obtained For this reason 
producer gas is undoubtedly likely to be the fuel utilised in (the new industry if 
and when it becomes established. In the past use has often boon marie of the high 
calorific gas produced, fronl the carbonisation process, but this is to be strongly 
deprecated. As we have already seen, this gas has intrinsioully valuable qualities, 
‘and its sale under suitable conditions forms one of the least Speculative assets of the 
process. Producer gas o f satisfactory; quality can be noble, from low-grade sojid 
fuel, and indeed this is an economical method ftir utilising' - some of the breeze which 
will certainly be produced even in a well-designed plant. 

Although a full consideration of the various methods whereby the potential 
heat of the fuel gas can be developed and transferred to the walls of the retort is 
beyond the scope of this volume, it is felt that a short discussion of the "problem will 
be of advantage. . ‘ .#- 

The producer itself may be one of many well-known types and rteed not be 
described. For information relating to the- construction .and method of working 
of producers the reader is referred to any standard book on the subject. 

In some of the experimental plants for low temperature carbonisation which have 
been built or devised the design of the combustion chain hers has been unduly com¬ 
plex and consequently expensive, fn the simple case of a retort designed to heat 
the coal up to a temperature of 000° 0. it is,-generally speaking, quite unnecessary 
to provide a-succession of heating chambers, each under separate control, Such as 
is sometimes found desirable in high temperature practice. - In the Scottish uiiale 
industry the combustion chambers for - oil distillation are of the simplest description, 
often consisting of one large' chamber completely surrounding tl® retort, the gas 
being bumrd at the bottom of tire chamber. Such a method has been adopted with 
greaii success in various types of low tem]>err.ture bating furnaces at H.M. Fuel 
Research Station. Ever with retorts of considerable height a very uniform tempera¬ 
ture can be obtained from top tfi bottom. The cardinal principle wliich.aflmst bo » 
*obsery,"d is to give the gas sufficient room bo burn without impinging upon the 
metal of thet*etort* If tile burning gas be made to travel upwards or downwards 
alo/lgAbe rider wall of the setting, the heat transfer to the retort itself will take place 
partly by i mitation from the wall and partly/jy convection*.currents of hot .gas. 
The combustion gas is supplied t-> the setting through duett in the brickwork, suit¬ 
able openings being p: jviVic <t above which combustion takes place. Tie air is 
supplied through separate ducts bnd openings, aftd if ^hese arc judiciously spaced 
with regard to the gas burner! or openings the result is a quiet burning within the 
combustion f.h* mberilself‘ giving the conditions which tend to a uniform tempera- r 
furc at all points in the ehn'fnhcr. The 1 L.ir'u£*-nmg8 must be capaWo M accurate 
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adjustment so that excess air may be reduced (jo a minimiyrijand the temperature 
distribution jJfcpt under careful control. 

In certain plantj the gas has been burned in burners orthe bunsen typo, in which, 
as usual, the yelocfcy’of the entering gas is made to induce jts own primary supply 
of aim arrangements jieiiig made to supply t;he teconckirj air as required. Such a 
method is absolutely unnecessary to effect the purpbse jjfsflircd. IndctTd it is 
' to be strongly deprecated, 4 s it tcj.ds to localise excJssively high temperiatur?s 
and is als5 liable to givll trouble through lighting back if tho gas supply ts not * 
unifprm.. ‘ h ' , • 

It is difficult to give exort rules left the method which is here advocated, b u the 
folioiving two cSftusnple^of heating by this means are capable of modification to suit 
any particular case and may prove a useful guide to desfgners. 

IraRig. 53 are shown the heating arrangements for the set of cast iron continuous 
vertical fttorfs designed for tow temperature carbonisation of briquettes or certain 
of coal at H.M. Fuel Research Statical, The retorts are rectangular in shape 
• with comcrs'of large radius. At the lower end they arc 2 ft. 9 in, by 1 ft, 3 in., 
tapering to 2 ft. 4 in. by -6 in, at the t»p. They are connected to a standard Glover- 
West extractor gear by the specially shaped connecting pieces shown. The four 
retorts are at present fed from a single hopper into which there is one opening at 
the centre; the gas leaves fnch retort through an ofi-take pipe just below the 
hopper. 

These retorts are set in a single heating chamber of which the brickwork is about 
1 ft. 10£ in. in thickness, the inner 9 in. being of firebrick. As shown h the figure, 
the JRatujg ftirangemevit consists of four burners to caclrtetnrt. The burners are ■ 
placed in the corners of a rectangular s^hoe surf omul mg t^e base of */ie retort. The 
corners of this reeHngle, where they arc not formed by tlie actual corners of the main 
chambor, are built of brickwork, whi#h extends horizontally htto the ej|pml>cr for 
« distance of 9 in., and vertical 1 y for a«distance of 10 ft. 6 ij. abovuthe flooT oftthe 
chamber. It is of great importance Uiat the burners should be plSccil at* close l« 
*ach Shrv as possible. J If placed further out thtwjeWdency is for tlie Heines to leave 
tile brickwork and impinge on the metal walls of ^hc retort. Tha air triply 
for the letting is placed' in a position •niidwa/ bctwinm th* Varku# gas inlets. 

As a result of a sepics of experiments made on such luat.Sig orrangmnqjits’it 
,was Jpund that in thii way the flaqjes could be made to travel upr^ds in the, 
corners without any considerable amount of edd;iin& and without casing local, 
overheating. '■> 

The spaco*fiurroundbg tlwhoppers is separate fityn that surrounding the retorts. 

A portion.of the flue gases can, if necessary, be made ttfJra verse this tya.ee in order to^ 
Supplya controlled amount ofjieat to the hopper‘and sp rdfcdinfr'soinefltjlic sensible 
heat of yii»,pi^ducts of conibpstior,** Antyle provision ha^*been made for placing* 
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button of temperature is not so yiifonn as In the first exam|le, but on the north Side 
the temperature of the metal atftjje bottom is only 21° highe/than the temperature 
of the gas at the top of the setting, whilsf on the south side the temperature of the 
metal is 38° above ^"temperature of the gas in fhe outlet fly. Such differences are 
not s*tious and couljl be considerably ifduced*jby slight modification in the dis¬ 
tribution of the gas supply. • • 

The same' principletis alpo illustrated in the hcatiig of the horizontal retoft 
setting described on page 220. In this cafe pie gas and air are admitted through * 
separate jiostril blocks in the arch of the largd heating chamber surrounding the 
retorts. The combustion oWhe gas isdiompletcd under the arch, which is maintained 
at ajemperatum considerably above 600° C. The arch adiates heat into the crowL 
of the retorts and into "the heating chamber, which is maintained thereby at a very 
uniform temperature throughout. Combustion is completed before the waste gases 
reach thtf reUfrt so tfilat the temperature of the metal is maintained with a minimum 
oisjtion on the steef. /The flue gases are led between the retorts t.o the floor of the 
setting and pass away by flues i.i the floor to short chiraueys. 

In this setting, with the exception «I a slight fall in the temperature of the metal 
towards the front due to the heat drain caused by the doors of the retort, no difficulty 
has been experienced during long periods of working in maintaining an exceedingly 
uniform temperature within *the carbonising chambers. The actual temperatures 
obtained in experimental working are given on page 2G of the Second Section of the 
Report of the Fuel Research Board for.the years 1920-21. 


Tabue XJiVII. Temperature# in Combustion Chamber efr Vertical Retort 

at H.M. Fuel^Reseavcfi Station 

. * t _ # ___ 


N%. of ‘ 
('ouplo. 

l ‘ ■ * • ■ ! 

l Temperatures °C, 

IV^if ii»n. ^ 

t 

Retortf 

workup. 

ft 

Itetflrts €1 led 
with (joke. 


Horizontal at bottom IS. side , . ‘ . 

*597 

r v | 

57*2 

(2) 

Lower biclihcd E. tide nyrth position . . i | 

599 

•l 

W> 

(3) 

* .. .. „ south . 

•(Tog 

t 

583 

(■1) 

Upper „ E. „ nor^Ji. j 

*588 

• ; 

• M2* 

(5 > 

,, „ * W. „ FOlltfy . J 

• 595 

« 

r 558 

(«) 

North flue at top of setting , *. . 

581 

* 


545 , 

0) 

Horizontal under centre oi hopper (souili) . • . 


480 

(8) 

Vertical in flue round hosier N.E. corner * . 0 J 

327 


44 G 





260 


{,0W TEMPERATURE CARBONISATION 


E. SfcfARATIOft OF TAR^AND LIQUOR , 

An, important point in connexion with a low temperature installation lies in 
the difficulty which is (sometimes experienced in the separafkA of oil and liguoT. 
In gasworks and coke o/ens no particular troubles are associated with this,*8inco 
the tar’has a specific.gravitv sufficiently in excess of unity to ensure ready settling 
in the collecting tanks, mth low tjmperatujo tar ob oilson the other hand, wo ( 
have a material whose weight per unit tjolutne is sometimes very little greater and some¬ 
times even ldss than water. In many v^nts separation'ie ojf.ly ejected withdifficijlty. 

In the tar made at II.M. Fuel Research Station, a^rge quantity of emulsified 
oil and liquor was found in the oil drown from the colfqpting fhnks and seals. 
►Separation of the liquor, was, however, effected by passing the oil through a 
filter press, in order to extract the finely divided particles ydiich tend to«cause 
emulsification. After a further settling period of 48 hours the water content was 
reduce^ to bolow 3 per cent, and on further settling was ^reduced to below bjfffr 
cent. » 

F. INTERNAL*IIEATINtf 

We will now consider some of the troubles associated with the internal heating 
of retorts with hot gases. Many types have from YLme to time been suggested, 
and there are at least three which at the present time are attracting considerable 
attention. The advantages associated with this method of heating have already 
been referred to. With due care in the design of the apparatus, c uniform fieat 
can be supplied practicfti’y simultaneously over the wholes of any one sjpne the 
apparatus, are not therefore ’dependent upon a rise of temperature which 
passes slowly froyi tho exterior to tile interior, and which so jeriously limits the 
bulk of cqjd which can be dealt with. I ns Wad, it ih possible to provide—no in the 
Maclafliin apparatus—a producer whose maximum diameter is 8 feet, with tho 
accomp«nying*advant^ges of large unit pllmt and the resulting saving in labour 
coslti. The^one dcUct of the •process is the large yuantitf of gas whiclf hits’to b» 
deak^with ;,in»tead of 3^000 f -4,000 cubic feet per ton of rich gas, as much as 3oWh) 
cubic feet gas Tqpy m available, having a calorific vdluo of say 230 BTh.U. It 
hts^a]re|dy been painted out tliat the condensing and scrubbing plant has to be of 
sufficient^su to cop» with the increased volume, and also the well-known difficulty, 
of scrubbing, and if ncccfcsaiy’ stripping a strongly diluted gas, makes for an 
increased size of j)lan|. Aj^tfin it if necessary\o*j?rovidc a market for the«fow-grade 
gas produced, which is much Igfcs likely to appeej! to gas undertakmgs'than is one of 
900 B.T^U. pfer cijbic foot^his being of undoubted value for enrichment purposes. 
‘Tliele is aljo,no Ofxxtifi^ for the absorption of tfie low-grade gas as a fucl^ks fof 
heating the retorts tHpmsdves, as ean if’ydcessary, in sofeie/i flie other 
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processes. It would be necessasy, therefore, tOjereate a difn^nd for this low-grade 
gas in the njfcr neighbourhood 0 # the plant, In spite, however, of the disabilities 
indicated, the method is a very attractive one, and in tffe authors’ opinion /etorts 
of this typo are likely" to take a prominent place in a low tettperature carbonisation 
indu^ry of tho futurf. , *. * 

An interesting development has already been mentidhed jdiich is taking ^tlace in 
Glasgow, where a five-iVit battery erf Maclaurin retortris to be erected at DalmaV 
nock with a view to the production of solid stppkeless fuel. In this case Jhe problem ’ 
of the paoper utilisation ■<sf the gas has beet; solved by using it for bbileis for the 
Electricity Department. \ * 

The supply^' Ga$ Companies of a separate gas for power purposes has often 
been suggested, and is indeed foreshadowed, in tho Fuel Research Board’s report 
on Gfifi Standards. 1 , Should this ever come about, an undoubted impetus would 
be afforded to the lijw temperature carbonisation by internal heating, wliich would 
Sipfly an additional fhdueement to gas undertakings adopting, to soirn^ extent, 
a low temperature process, ai>l so bringing the time nearer when such under¬ 
takings become universal suppliers *8f fuel as differentiated from their present 
outlook as suppliers of gas only as their main product, with the coke and tar as 
valuable by-products. 

G. CARBONISATION IN SIMPLE VERTICAL RETORTS 

*Thi>siraplicity of a vertical Scottish shale rctqft has often led to the suggestion 
thaV-arbonisation of bituminous coal might quite wclj be carried out in an apparatus 
of this t^pe. Tho *problems presented are mainly those already otmsidetpd, and 
vyliich are associated with difficulty in ensurjng continuous working, owing to the 
fusing fnd swcllltig u^) of the materia^. A partial solution is presented by blending 
or’pre-heat treatment, but unless the; retorts are reduced to the naif dimen¬ 
sions, there will still be difficulty owing to the slowness with which hejt can be 
mad?- to travel through the coal. The series of experiments^ already referred to 2 
the carbonisation of coal in Glover West gas retorts proved that it was quite, 
feasible to produce a good WokSlese fuel with a^equ&te ."covesy of o^l atufjfas in 
such an apparatus. Troubles were, however, found ill the tendency under certain 
conditions for coal to make its wsfy tlirough the centre con; and t<> arrive*a?, the 
diseKargc end of the rctqrt in a partfeill^ carbonised condit ion. Some fcij movement 
was effected by subjecting the* eJAigc to a light Stemming process.* The totaf 
volume of gas and vapour # wae increased therety wilb the reetdt that a better 

1 FuotResearch Bo&rit Report to uie "Hoard of Trade on JIa.*.Standards." 1[OmdL108), (H.M. 
Statiftifry Office.) • * W ’ • * 

1 Fueljftesearch Board. TcchaP^per No. 7 : 41 Preliminary Experiments in the^Ww Temperature 
CarbonisatiB*of^oal in Vertical Rjtorts.Vi.fflWStattonery^OfHto.) ( • 
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circulation of gas (secured within 'the rotorty with a consequently improved 
distribution in the temperature conditions. 1 ', 

If we consider for a moment the case of the carbonisation of shale, we have a 
material which can be ?ed into the retorts in pieces of a fatf<*Aze, which does not 
tend to stick together on heating, sud'n which the spent shale leaves the apparatus 
in the slime formas it entered, so far as the shape and size of the lump arc concerned, 
Besides having uo tendency to agglomerate into unwieldy Inasscs, the free convec- , 
tion which can bo set up in such an epen mass of material considerably increases 
the speed alf which heat c°.n be driven inwards to the centre of the chasge. JTho 
result is that the time of carbonisation is 'rcducedy^nd greater uniformity of 
carbonisation is secured. W^h a non-coking coal of suitable/!ize/jihiilar conditions 
present themselves, and if *by any process of treatment it is possible to convert a 
fusible bituminous coal into a material having the properties ,of shale enumerated 
above, many of the difficulties associated with retorting such a material will have 
been overcome. Several groups of workers arc now engaged on experimental wo ft; 
in this direction. The Sutcliffe and Evans process already described is typical of • 
the method. A mixture of swelling und non-swelling coal; or of a swelling coal and 
coke, is ground finely and briquetted cold, using a pressure of about 10 tons per 
square inch. With certain coals a robust briquette can be obtained which is 
sufficiently strong to withstand the subsequent treatment without the development 
of an undue amount of fines and breeze. The strength of the uncarbonised briquettes 
appears to depend to n considerable extent'upon the degree of fineness to winch 
the raw materia! is ground, and in an attempt to overcome the necessity Tor fine 
> grinding and Ipgh briquetting pressures, the Fuel R&carch Poard are expc'imehting 
with a fhethod ' -l which coal, which lias merely been passed through a disintegrator, 
is heated to a temperature just short of the softening point. #At this stage tie 
material ia-hriquctteS at a pressure of about' 2 tons [ter square inch, anil then fed 
to {he vertical _ast iron retorts shown in Fit;. 53, ’.Then carbonisation is effected at 
< a temperature of about-COO^C. 

Another rnethod’for effectiftg the same purpose is to briquette a dir hit.lighted 1 
1 coal py{ suitable composition, with pitch, or other suitable binder, a proportion oi 
the pitch Rung subsequently recovered' in the retorting process. This 1 method 
has fecem adopted in the process devised by Fisher and developed by the Midland 
• Coal Prod'v’s, Ltd., described on page 214. T'hc question cf pre-briquetting with < 

,subsequent,carbonisation is one bristling With interesting fywsibilities, tho work of 
Sutcliffe and Eyans having shown that it is possible to produce certain \no<lidea¬ 
tions in the properties of co^es/wliich are 

yiastfumqce pfeetkre.. * * m 

‘The method developed by the Fuel Research Board of producing coke cakes* 
‘by the carbonising of e auifabb mijftur^ oP c thing end non-coking 'hod in trayB, 


likely to lKivc considerable bearing on 

r r * 
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although originally developed ’entirely wilt a yiew to ob^ining accurate data as 
to the yields*and products, pre^nts certain possibilities^ even in the commercial 
direction. The products arc satisfactory, and con be*produccd in the quality 
required without te or undue deterioration in the pw/ccss. The retorts are 
robus?, easily workefj, and are likely to .have sf.limg lile*i£ properly worked. The 
disadvantage of the station Betting lies in the labour coat^ which is sufficiently 
high to put the setting's^ at present designed out of cAirt io* commercial purposes 
in this country. In countries, however, *vjjpe labour is cheap ahd^good prices 
can be obtained for 1 the smokeless fuel and oils*produced, the system*/) worthy of 
serious consideration. IfVi satisfactory method lor the mechanical charging and 
discharging of fte tra^s canto developed, the method might have some application 
in Great Britain, The difficulty associated with such (^development of the station 
setting is the comparatively complicated nature of the apparatus required. As 
far as cSn b£ foreseen, the topital cost would be heavy, and the present investiga¬ 
tion at H.M. Fuel Research Station are bp mg pursued in directions which appear 
at the monfbnt to be more promising. 

A development of tbs method of«earbonisation in trays formed the subject oj 
experiments at the Fuel Research Station, with the retort described on page 221, 
where the trays of crushed coal are superimposed one above tho other in a series 
of shelves which could be ftised or lowered inside an iron retort. These shelves 
were brought in turn in front of tho charging and discharging opening, where they 
^jre removed, emptied and discharged by suitable machinery. A large quantity 
of good coke was made in this way, but the throughputs obtained were not such 
as tkere Jjkely to p,ro^ profitable in view of the epmeVaat * elaborate mechanical 
arrangements necessary. * . * » 

• The method c4 superimposed trays has been adopteef by Scptt-Moncrieff in the 
apparatus described on page*2HO. Here the cha.'ge is removed bodily from the 
retorts when carbonisation ^completed, and cooled in o a cooing* chanfter* use 
being made of the waste-heat of cooling. _ A very satisfat^ory srsokelesa fuel has 
be^p obtained, but th5 plant Jios not as yet bpeta worked for a sufficiently long 
^period to demonstrate whether a commercial success jiaa Jfeen obtained. 
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THE ECONOMICS LOW TEMPERATURE 
CArfBONISATIpN 

INTRODUCTORY 

A complete statement of the .‘economics of low temperature carbonisation is 
very difficult at present, * The matter has been before the public for a con¬ 
siderable time ;»but 'insteai of the compilation of a yrealtU of reliable data from 
r which balance sheets might be computed, we find a mass of conflicting figures, 
many of which are fundamentally "unsound. So much prejudice has beeij, aroused 
by the wild statements which have been issued from tijfc to time, and which close 
analyses have revealed to be without foundation, thdt it may Ije <uaid that these 
have had the result of hampering instead of assisting the prospect of establishing 
an industry capable of carbonising the tens of millions of tons of coal at present 
consumed in the raw Btate. Until recently no accurate data of yields froiii typical 
coals were generally available, with th$ result that erroneous figures, which Jpefo 
originally determined only by a few rough laboratory experiments, have been 
repeated again and again until the reader has become liable to accept these state¬ 
ments as accurate from sheer force of reiteration. 

The establishment of a method of low temperature assay now enables the 
technician to determine accurately within a few hours the quantity and character 
of the products to be expected from the carbonisation of any given material. It 
is now possible to reject many figures quoted in the past which have exaggerated 
the yields of the more valuable products by so much as 160 per cent, home of 
these figures carry with th.m their own refutation, af for example the series in Which 
a fractionatioEpof, low temperature oil was trade to yield in motor spirit, kerosene 
and Diesel oil the fyll quantity of the-original oil, leaving entirely unaccounted for 
the losses on fractionating and iJso the. pitch -and other residues. Again, tar yields 
have freguentlypbeen measured as wet tar, thus exaggerating the true yields by the 
amounts pf water present. In the estimates now submitted, which are framed 
on an assumption of„the carboKsaj ion of the whole, of the "domestic coaj, it is not > 
,£afe to take ipore than, s^y, 15 gallons per ton on the average. 

, ^ESTIM'XTES OF TfiE ASSETS OF THE PROCESS 

It'tfas bethi pointed out that the problem "of low temperature carbonisation 
must be efJdnincd from two, standpoints :•* the technical *nd the economic. The 
data for the solution o{ the latter wjll only be obtained after the technical solution 
has been reached. In other werds, until a faif,-sized industrial plant has been 
operated, continnousjy over a. long period, manufacturing and disposing of all the 
products of’qa^bonisatibu under,steady market conditions, no one can say whether* 
?r not the business will,be a> profitable okt- .AJthougn this stage dws^iot appear 


2C4 
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to have been reached, an attempt will be made to draw uj tentative balance sheets. 
In order do this, aasumpti‘|ns will be made which j can be modified if future ' 
experience provej them to be incorrect. * ’ . 

We are faced hbYhe outset by the uncertainty of mnrlfct conditions, and by our 
lack of knowledge af to the prioe at which Jovi temperature coke will appeal to the 
domestic fuel consumer. At the present time, the sftiall ^pantities of flicl which 
havo from time to time been placed upon the mancot have oommanded prices 
which \tcre often much in excess of'those^a? coal, but it must be borne in min^ 
that «uch prices lire unlikely to be maintained when a fair supply* is obtainable, 
and it is necessary to firfe^eustomefs other than those who are enthusiastic in their 
support of arty tcheqje which will tend to reduce the smoke evil in our large towns. 
It is tflso essential that the consumer shall have ampte assurance of being able to 
obtain at any timesupplies of the fuel, which must also be of fairly constant quality. 
It has been’consitlqr^d in tnc past that it may be assumed that the price obtained 
‘foj the coke, as a hijffi-class domestic fuel, will be sufficient to meet the jjntirc cost 
of the .coal used. It is not*desirable, however, to neglect the possibility that 
smokeless fuel may only command W price equivalent to that of raw coal, weight 
for weight. ( Since the yield of coke, per ton of coal, by straight low temperature 
carbonisation amounts on the average to about 14 cwt., it will be seen, therefore, 
that in the latter case, the value of the liquid and gaseous products must be suffi¬ 
cient to yield a profit after paying the entire costs of retorting and the cost of about 


£ cwt. of the raw coal treated. Balance sheets, based on both assumptions, will be 
given Ifrom which it will be seen that a process, which might^bc commercially sound 
if The pijce of the qok^is such ?ia to pay the whole oi the'coat of the jaw coal treated,* 
assumes a totally different aspect when tie coke w^ll only*qpmmanfl a price 
equivalent to fa’s coal, weight for weight, ( • 

* Another difSeulty, which*! ies in the way of drawing up cVep a vyy speculative 
balance sheet, lies in the unoactainty as to the price which can b<t Obtained ftr the 
ftils. This product will always have^Io face competition with wnpfirted Oils, and the* 
prjpe, therefore, in the absennp of some measure 01 protection, is always dependent 
J upon factors outside the pontrol of t'hose intcrested^in !#w temperature ononis# 
tion. 5n this connexion", however, it Juft been jftund tliat several groups interested 
in low temperature carbonisation have experienced no difficultyJn iisjq^mg of 
all.the oil produced upt a price of about Is. a gallon, and <his at a tjtgc when fujl 
oil from foreign source* was available it a price in the neighbourhood^® fourpenr^. 
It is therefore evident that, for specific purposes, the c*l ha^ special properties 
which jwc hot possessed" b^ natural fuel oil^j. Idtes^igation of the oils carried out 
by various workers .has also «iown that special products, ot tarioys *tyjes are 
available, and it is likely ^that markets may lit r^ealed^lii the future for these 
matennfj* fti spite of this, Joweuer, SflTh m»rket3j>fo not 13«ly t0 be—-nor indeed 
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ifl it conceivable that should be.—in any way commensurate with the magni¬ 
tude of a smokeless fuel industry, if once it were firnfy established. Tkq inevitable 
drop in oil prices would then have to be faced, to those corresponding to the largest 
and only reliable market?—that of fuel oils of various types, tin price of which is 
controlled in the main by foreign suppliers.* Since the subject^ dealt with in this 
volume from the national poi^t of view, it is necessary to assume a price equivalent 
to that of crude fuel oik In their recent computations; the uel Research Board 
have taken this as 5d. per gallon. * 

At this stage it may bo mentioned iljat balance sheets of the 'type under discus¬ 
sion are frequently drawn up in terms of the fractionated products, the prices of 
which are of course considerably in excess of those of the crude oil faftn which they 
were obtained. For the present purpose, however, it is not desirable to do so7 since 
this would involve the possible confusion between two distinct processes—those of 
retort ing and refining of the crude oil—and complicating tiie issue by the necessity to 
debit the posts of the latter. It is also unjustifiable to go so fSr, since carbonisation* 
must stand upon its own meritB, without bringing to it$ aid tho economics of another 
industry, possibly possessing an alternative source of supply for its raw material. 

The remaining asset is the rich gas, of which about thirty therms are likely to 
be available. The Fuel Research Board have always emphasised the valuable 
nature of this product, which has frequently been credited as being merely the 
fuel necessary for retorting. The Board also point out the value of such gas to tho 
gas undertakings as on enriching agent for gas of low thermal value, in order tp 
help the undertaking^ to^meet their obligations regarding the declared calorific 
’ value of the ga^ they supply. The enriching value of this ga3 is increased by the 
large amounts of methane ,and saturated hydrocarbons, which, in the large-scale 
tests at H.M. Fuel Research Station, vaKicd between 41 and 524 per cent, according 
to the charaoj.er of tfie particular coal or mixture of coals used. These hydro¬ 
carbons will nbt condense or separate out, either during storage or diatribuVon, 
and on th4t account' ‘proent advantages which aro not possessed by some of tho 
other gases a$d vapours used Br enriching purposes at tKc present time. Pie _ ■ 
gas is ,h(gh!y concentrated when considered from the standpoint of thermal value, ’ 
and can accordingly 'be stored in Relatively small holders and introduced at any 
momejjtcinto tjie district supply system. The Fyel Research Board have taken a 
tentative fhw-e of 4d. {5er therm as the value of the gas for tHs purpose. 

► The oniy ( other ^by-prodjio^ is the sulphite, of ammonih, and it is frequently 
found that credits,are tukendor thi, which are hfipclessly in excess of those likely 
to be realised. At the presenttinsfe it would be wiifs to "leave the value of this asset 
entirely out^of the- reclaming in thp consideration of externally heated processes, 
owing to the, uncertainty of thf market and the low prices obtainable. In any case, 1 
ah has already been pointed okt,'the tfuanflfy likely to be produced Whirtth 
" < <rr ‘ <. 
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ESTIMATES «F THE COSTS OF TH|f PROCESS 

Having now ^rrivcd at some basis for tlio t iteras to tie entered to the csodit side 
of tije balance aheot' the debit side remains to^be conside^d. 

The coat of the^ material to be calbosjsed forms one of the principal items. 
Here it is necessary |jvgain to lay stress upon a poi’Jt of fundamental importance 
in the consideration of the subject, i.c k whether the project is for the moment 
under consideration from the national pqjpt of view, or from thc^tandpoint of 
some particular scheme of more local signiffcanee. An examination*of the subject 
in the broadest sense reveals the fact that the price nf the raw material is likely to 
b» th? same, generally speaking, as that obtainable when sold as domestic or 
induSSial fuel. In other words, if the greatest ultimate benefit is to be obtained 
from low temperature carbonisation, it will be necessary to carbonise practically 
the whole of the coal at present used for domestic purposes. When, however, the 
sutject is considered* in connexion with *tlie utilisation of slack and sjpall coals, 
which at present are of the nature of waste products, it is possible to debit the fuel 
to the plant at a low»price. Especially would this bo the case where—as might 
happen in many instances—the firm working the plant were the colliery company 
interested in the disposal of a comparatively low-priced product. If the carbonising 
plant were separately owned, however, the outlook might not be so favourable, 
since a multiplication of such plants would inevitably result in an incroase in price 
4 >f the raw material, with the consequent transfer of some of the profits to the coal 
owner. The law of supply and demand would f of coursq operate, and would tend 
to*thc establishment jf prices'at which the infant (ftrbJoiauig industry could barel}* 
exist. Unless, however, a desigp of plant and a process carfie evolved which 
Vill be operate^ st^fficiently. cheaply to mlable the full economic cost of the raw 
ipatcTial to be priced as a main procftict of a colliery company, and n^t as^one of its 
waste products, it will be iffij*|ssibl£to establish the neu 1 ,industry bn a scale com- 
Inyjsurate with the needs of the nation as*a whole. 

, JSIt Gieorge Beilby ] has astimated the capital expenditure reguired lor the 
installation of plant capcjrle ot carbonising 35 million t^ns o£ coal‘per a^um {ft 
about iSO to 40 millions sterling. Taking the average of Unfto figuiis, the capital 
cost for each ton tarboniaed, par annum, woulj be of the order % of ll.»^uch a 
figure would be applicable to a fai^sized plant having a thfoughput say, 65.0IJ9 
tonfl per annum, and each of kjic JolMwing esthftitgs is based on a Jisnt of about 
this capacity. 

»Th<y entire «pre-war cost of ^carbonisation in* th* Scottish sliale industry was 
abpui >s. fid. per toll, includipj labour, maiiiteiiAnd^anJ hieb for Ijpafrinjj fjhe 

• 4 

1 Balto* George* Fvd of i'w/yie, Cliil Engineers T James Forrest 

Lecture. • - * 
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modem equivalent, of t)jiA figure would lie about 3s. per ton, but in the following 
' estimates 4s. has been take^i for this item. , c 

♦ I 

f «t 

t- 1 •- 

TENTATIVE BALANCE SHEETS 

r 

« » » r 

£)n the basis of the sstii^ates put forward in the two preceding paragraphs, 
balance sheets are submitted to indicate the financial”possibilities of the under- ■ 
taking. Balance sheets No. 1 and N/*/3 are drawn up on the assumption that the 
coke made pays for the whole of the cor.l used^and that this coal can be delivered 
in bulk to the plant at 30s. per ton and 20s. per ton respectively. Balance sheets 
No. 2 and No. 4 correspond.to the cases where the coke ai the* plant will only * 
command the price of raw coal, weight for weight. 


Balance Sneet No. 1 


Income 


t , Expenditure 

£ 8. 

d. 

Coke, 14 cwt. (i.e. 42s. KM. 

£ a. d. 

Coal, 1 ton 

1 10 

0 

per ton) 

1 10 0 

Cost of carbonising (labour, 



Oil, 15 gall. @ 5d. . 

0 3 

maintenance and fuel for 



Gas, 30 therms @ 4d, 

10 0 

heating) 

4 

0 



Interest and depreciation, 



♦ 


say 20 per cent 

4 

0 



f — 



5 . *. 

2 6 S- 

1 

1 18 

0 


r 

Balance : 8s. 3<T. per ton of coal carbonised, or 41 per cent on-cost of plant. 

* * .7 f 

* ' * .1 

< *■ , Balance S.hebt No. 2 


« Income 

6okc, If cwt. (S> ls.«6(l. (i.e. '£ t. d. 

30*. per ton} , « . 1 l' 0 

Oil, 15'^ll.‘@Od. . t . ! d 3 
&as, 30 theffc^ @ 4d. . t 10 0 



_ 

«-' i ;7 ■ 3 
■balance.: 


Expenditure £ a., d. % 

t Coal, 1 'Lon ' . . . 1, 10 0 

Cost of carbonising (labour, 
maintenance and fuel for 
t h -ating) , . . 4 0 

Intccet'j and depreciation, 

say 20 p$r cent . . 4 0 

• 11 \ 
ii 4 i 

• 1 S8 0 

9dt adverse/ 
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fylANCE $HEKT No. 3 


per ton) 


(i.o. 28s 


Oil, 15 gall.*® 5d. ' 
Gas, 30 therms @ 4d. 





• • jixpanditur/f 

• 

£ 8. 

d. 

.. £ 

8. 

d.» 

^Cflal, 1 ton* . » 

I 0 

0 

. 1 

0 

0 

Cost of wrbojiising (labour,* 

A 



4 

3 

maintenance and fuel for 

• 



10 

0 ' 

0 heating) f . 

1 

<5 




VJtcrest and depreciation, 




• 


say 20 per cent 

4 

0 

I 

16 

3 

• 

4 

1 8 

0 

coal 

carbonised, or 41 pec cent on cost of plant, which 


of course is identical with that of Balance Sheet No. I. 


Balance Sheet No. 4 


* Income 

Coke, 14 cwt. @ Is. (i?e, £ ». d, 
20s. per ton) , . 14 0 

Oil, 15 gall. @5d. . fi. 3 

^Jas, 30 therms @ 4d. 10 0 


__ 

* 1 10, 3 

Balance : ‘2s. or 


Expenditure £ 9 j 
Coni, 1 ton . . .10 0 

Cost of carbonising (labour, 
maintenance and fuel for 
heating) ... 10 

Int<te^t jnfl depreciation, , 

» say 20 per cent , • 4 0 


i 1 8 0 

• ,* . , 

11 per cent on oost of plant. 


E$T1Maitjl»daljnce sheet fOR L’oib (Tven £lak^ 

^ ^ ^ I t ^ a 

Although not strictly comparable, it will be of interest to compare the above 
‘figures with the estimates whicli have been furftiahed tojho Authors for a cok$ 
oven plant now beinj #r<jptcd in tjorth of Etjglajid, and capable ^^carbonisiijg 
(15,000 ^ons of coal per aimumlN * ***** 

In thisdoasc, the raw nyitcrud is supplied inutile form of uhwashed slack" at a 
price of ,13s. (kiper t<jp. The eajfctnl cost of the instsifitfion would be abou^ £100,000, 
inJluSing plant, buildings, fob relations and Jidnigs. 'Ttfl,s*is cijuiyfllent fo*30s. 
for eaJUjpiwcnrbonised pei*afcmim. . 
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Balance Sheet for Coke Oven Plant ■ 


' ' Income f , , 

Coke, 13'2,cwt. @ 25s. pot t ». ;d. 

ton' t . . . . . . 16 5 

Tar, 8 gall. @ 5d. ‘ 3 4 

Sulphate of ammonia, 33 lb. 

• c. . . i i; 

Crude benzol, 3 gall. @ 9d. 2 3' 

Surplus gas, 5,000 cu. ft. @ 

6d. per 1,000 cu. ft. . . 2 6 


1 8 7 


Ezvexdit ire 


.Unwashed slack, T ton @ 

£ S 

d. 

13s. 6d. . . ' . 

13 

6 

Cost of carbonisiifg, ovene to 



benzol stills, including ma¬ 



terials, stores, acid, labour, 



e^c., 5s. per ton 

1 5 

“O 

5 per cent on cost of plapt . 

l 

6 

10 per cent amortisation 

«"„,3 

0 


1. 3 0 


Balance: 5s. 7d. per ton, or 18»6 per cent on cost of plant, etc. 


Estimated Balance Sheet for Maclaurin Producer 

A plant of the Maclaurin type is exceedingly interesting, and presents great 
possibilities owing to its low capital cost. Its success, however, depends very largely 
upon the securing of a profitable outlet for tho large quantities of gas of about 
230 B.Th.U. per cubic foot. It is obvious that it is only useful as a fuel gas foi> 
industrial purposes. Mr, Maclaurin, in his own estimates, has taken the valuejif 
the gas as vary„ig from 1-8 to 2-3d. per the r m, the former figure representing its 
value when used for stearr-ra’sing in comparison with cofiT at 20s. per ton. He 
also estimates the capital cost of a battery of 10 unite, capable of r throughput or 
200 tons, of ctpl per day, as £12,000 for producers alone at present-day price*. 
With all accessories, such as elevators, conveyor*? ho tors, turbines, fans, pumpa^ 
storage bunkers and tanas, buildings and pipirg, the plant would, in his opinion, 
cost about £3£,000. lire,capital cost therefore works out at about 10». rior escb*. 
ton of Lfal treated per annum I , , • 

The following balance sheet haS therefore been worked out from the figures 
suppli<53“b/ the Maclaurin Company. The coke iJ assumed to tommand the same-* 
plico per tQf, lis that given in Balance Sheet Nd. 3, the plane being situated in a 
district where suitable coal u'delivered in hulk&at 00s. per ton. On this basis, a 
price of 42s. IOd. per tori woifid be obtained for the smokeless fuel. 
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Balance Sheet tor M^clausin PionfrcEB MajcAq Smokeless Fobl 

- * ■ Jr 


Coke, II cwt, @ ^2s. lCkl. 

p*f ton . ' 

Oil, 15gaU.@5d. 

Sulphate of ^.Tnmonia, 17 lb. 

@R* .... 

0^, Sf^therms @4-8d. 


£ i. d. 

1 3 7* 
0 3 
0 

■1 1 
10 2 

» 


Expenditure 


Stfeam 

Labour and supervision 


2 1 1 

Balamje : 4e.^ld. per ton, or 41 per cent on C09t of plant. 


£ i. d. 

110 0 , 


Cflal, 1 ton • . 

^Interest, rdjpairs and depre¬ 
ciation* 25 jjcr cent . • ‘26 

General cnarges, stores, rates, * 

etc. 


2 <J 

6 

2 0 


1 17 0 


CONCLUSIONS 

• 

If t£e various .aasxynptions regretting capital cost and the prices obtainable 
for by-products arc substantially correct, and if the technical difficulties of the 
process can be successfully overcome, it will be seen that the commercial 
success of a plant will be mainly dependent on the ratio which the price 
commanded by the coke bears to the cost of the raw coal. If it can be sold at 
a price only equivalent, weight for weight, with that of the raw coal, the prospect 
?f establishing an industry commensurate with our national requirements is by 
r,t*means promising. On the other hand, if the'ray qjafSridl can be obtained at a, 
price 6u?h that th*e cc^e made will iJpproaah in value the whjjlj^ost of the coal 
ased, there wouli^ appear to be cf sufficient* margin fortcommcjcial success. This, 
however, can oilly tfe definitely settVd when an industrial plant has been running 
continuously for a considcrabjjMaeriod, the products boinfunarftotst/at a fair price 
#nd yielding a reasonable prolirTWffle shareholders. » 1 * * 

> 'l’he considerations'Already referred to form, tie only s^e basis on which the. 
•’businessman can estimate the probabilities of ultimate success hcftl out by any 
suggested scheme. In rtmsidorfftion of Alic problem Trom tli<y national stalftpoint, 
however, it is important not to lose sight of the considerable bene firs ;yid indirect 
“Savings which would follow the use of smukeless*fuel on a$ adequifbi scale* In s, 
previous chapter, th^iircet loss aborting both Jo Jlic individual a\S^the natidh 
was discussed. The taking of ^i.«c)T savings inty corfeiSera^on dan only be effected 
by JParliamentary action*in«the direction of soni* kiqd of subsidy or preference to 
smokelfeps fuel. How juch a subs.dy could be grantediif»a question of miqjlylifficulty. 

1 Ejfthusiasts have suggested sick drastic enactments lks*lhfi total ]£ohibifl«i*of 
raw co8LJ)u*in^. When tlfe huiate cc user vat ism flfShe British public isdaken into- 
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consideration, however v it will be admitfd that such action could only follow the 
( education of the public in‘ ( the manifest advantages offered. Excel’snt, work in this 
direction is^rng forward, 'and the value of the labours of the .imply organisations 
, which arc interesting themselves in the matter cannot be oipr-cstimatcd Should 
. their labours result in the willingness of ( the public to show their appreciation 6t the 
advantages of smokcl^sp fuel-to the extent of paying a pri^i for the coke which 
would render the process economically sound. Parliamentary action would be 
urmeccssary. ( In either case, the alleviation of the smoke nuisance, and the pro¬ 
vision of honfc supplies of oil, whether by the method'discussed in this volume, or 
by any other sound method, can only be achieved by the enlightenment of the 
consumer in the direction of his best interests. ■ 1 
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PREFACE 


subjeeFof the|ow tei^ierature oarbonisation of’Jbal is one which is attract¬ 
ing con#iderable attention at the present time; although it cannot be claimed that the 
difficult problems, involving both scientific and economic w tolerations, ta^/yet, 
been qpmpletely solved, there can be no doubt that considerable ^ogress has been • 

made in the ^ireaflon of their solution. 

♦ . , 

% .The geaeais of the book has been explained bf Sir (Aeorge Beilby in the Fore¬ 
word- Its preparation proved to be df considerable difficulty as the subject is 
capidly developing and many of the problems involved Stffl require much further 
exploration, l It was felt, howevor, tliaf the subject *ould Rest be dealt with by 
giving tfce most reliable data on the different aspens of the work together with suoh 
conclusion# as can e^ely^e drawn from them. Unfortunately it is not always 
possible to draw definite conclusions and the Authors are only too well aware that, 
of necessity, some of the sections have been left with an incomplete survey of the 
aspects io which they relate. An attempt has been made to dissect the. variables 
and to make each chapter^self-contained so far as is possible. Such a method of 
treatment, however, inevitably jpvolves a certain amount of repetition in a subject* 
where such variables are so cksely"interrelated as in the present one. 

The Authors have made use of material contained in official publications 
^and have to thank the Controller of II.M. Stationery Office for permission,!*) 
reproduce certain diagrams from these reports. Free use has been made of 
data contained in the proceedings of technical societies as well as of articles in the 
technical Press; where possible Aeae have been acknowledged in the text. 

Tho Authors wad, to express their grateful appreciation of the advice and help 
“which they have received from Sir Beilby and for the interest which he has 

taken in the work ; it is indeed to him they owt any special knowledge of the sub¬ 
ject that may have justified them in undertaking the task. 

They ais* wish to express their ^rnnks bj Dr. It. V. Wheeler and Dr. C. R. 
Young; to the former for much helpful criticism of the portfbnS bearing on the 
constitution of coal and other aspects ofjthe subject? which he has mad# peculiar'y 
his own, and to Jhe latter for*lielp gnd atbdce itj/hfl preparation of the sections 
bearing on the*chemistiy of the^ubject. 

They are greatly indebted to Professor H. 0, H. Carnent^f, F.R.S., who* fias 
given advice on the properties of castawm and othjr Aieta|» \tVn exposed liigh 
temperatures. 
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They are afeo indebted to Dr. Jiargaret Fiahenken, Mr. 5.' G. King and. other 
colleagues for. much valuable assistance and to many firms arfd individuals wh'o have 


supplied .drawings and details o’f fheir processes. r < 

In conclusion the' Authors must pay a t.ibute to the generous manner in which 
MisB G.'I. M. IMair has devoted her scanty leisure to preparif^ thp manusyipt 
lor publication and for Beeing the work through the press. ' 

C. H. L* 


K. F. McR 



FOREWORD 


Irwwas suggested ty me es/ly in 1921«thal a book on the subject "of low tempera¬ 
ture e^boniaation would be welcomed by many wjio.are interested in schemes for the 
more efficient utilisation of our coal resources. It is now»widety ^ecognisoitha^this 
subject i%of national importance, for if it. becomes commercially feasible to carbonise , 
in this way any atmsiderable proportion of the tens of millions of tons of the coal 
annually consumed in the raw state in Great Britain, lflw temperature carbonisation 
would play a vital part in tire solution of the fiSioke problem and in that of the 
.home production of motor spirit’and fuel oils'. The s9t|et9, however, is far from 
simple., for ^ts physical, chemical, mechanical audj ecijpomic, aspects arc so closely 
ititerwo^ven that only after an intimate study of yil these aspects ought any serious 
estimate of its development as a national industry to be attempted. * In tho absence 
oftthufall-round knowledge muck that has beeu publicly spoken and written on 
this subject has been not merely futile but actually harmful to genuine progress. 

In tho Government Department of Fuel Research a carefully thought out scheme 
•of inquiry has been steadily pursued for tho past six or seven years. Tlies’; inquiries 
embraced not merely the‘first-hand experimental work carried out at lf.M. Fuel 
Research Station, Imt the sirmfai^work of outside inventors and experimenters^gil 
Aiver the world. , ' 

The intimate association of Dr, Lander and Mr. McKay with the course and the 
• results of those inquiries, and their complete dissociation from any interests, direct 
nr indirect, in the curiimercia! development of any particular schemes, placed them 
-in an almost unique jiosition as the Authors of a wfcrk on this subject. 

With the full concurrence of tlio Department of Scientific and Industrial Research 
I therefore asked Df. lander arn^Mr. McKay to undertake this work. This they 
ultimately agreed to do, though nor a about considerable hesitation, in view no 
doubt of the heavy additional strain on tlyjir time and energy which would be 
involved. 

Having tiow before me the work a whole I feel that the pressure put on the 
Authors to undertake this exacting task has been fully jus tiffed* The more fully 
this Work is studied the more evident jrill it become that the Authors* have ap¬ 
proached and dej.lt with their subject not qnly wi$t gfcat breadth of view but with 
a keen appreciation of the technical and Economic problems whictTiiave bjen solved 
or are still awaiting solution. * * 

G. Beh,by. 

IfWDON, 

March, 1824, 




